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INTRODUCTION. 
SITUATION AND AREA. 
Lyon county lies in extreme northwestern Iowa, the state 
line forming its northern boundary, while the Big Sioux, 
which here marks the line between Iowa and South Dakota, 
bounds it on the west. It includes eighteen townships, the 
northern tier containing thirty square miles each, instead of 
the normal thirty-six. Its total area is 704 square miles. 
Sioux county lies directly south of Lyon. It includes twenty-
two townships with an area of 768 square miles, those town-
ships along the Big Sioux river being irregular. Both coun-
ties are highly favored by nature in soil and climate. Oppor-
tunities for agriculture so exceptional have not been over-
looked and the entire area is under cultivation. There is no 
waste land in either county. 
PREVIOUS GEOLOGICAL STUDY. 
The nature and age of the quartzite in South Dakota, 
Minnesota, and Iowa have long interested students of geology. 
The exposures north of Iowa were more generally studied, 
since they are more conspicuous than the Iowa outcrops. 
Catlin and Nicolle~-)(- were chiefly interested in the quartzite 
because it was associated with the pipestone of the Indians. 
In 1865 James Hall made certain deductions in regard to its 
age from observations in southwestern Minnesota. Hayden 
examined outcrops in southeastern Dakota and visited the 
pipestone quarries farther north. In the following year, 1867, 
White traveled up the Big Sioux from Sioux City and appears 
to have called attention for the first time to the quartzite 
exposures in Iowa. Kloos and Winchell, in Minnesota, have 
each added to our knowledge of the formation, while Upham 
and Todd have reported valuable observations in South 
*For bibliography of Sioux quartzite, see Iowa Acad. Sciences, Vol. 11, p. 218. 
~GRep 
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Dakota. Keyes, in· Iowa, has contributed material to the 
rapidly-growing literature on the quartzite. 
In addition to the quartzite other geological features of the 
region have received some attention. A general description 
of the surface features of Lyon county was written by C. A. 
White for the Iowa Geological Survey, and is found in Vol. II 
(1870) pp. 77-95. The Hull well has attracted some attention 
and the records of the strata passed through have been studied 
by Keyes, Beyer, and Norton. Exposures near Hawarden have 
been studied by Bain anp were reported by him in connection 
with Cretaceous deposits of Plymouth county. * Todd has 
examined and reported on certain cuttings east of Canton, 
while his work in the adjacent territory of South Dakota 
throws light on many problems across the river in Iowa.t 
PHYSIOGRAPHY. 
TOPOGRAPHY. 
The surface of Lyon and Sioux counties presents a plain 
broken by the erosion of streams, with a slight slope to the 
southwest. The following table illustrates fairly the surface 
inequalities of the region. It hardly gives an idea of the slope 
that would prevail if the river valleys were eliminated, since 
many of the elevations cited are those of towns located on the 
larger streams. The towns mentioned in the table are 
arranged in four series representing approximately east and 
west lines, the distance between the first,. second, and third 
averaging fifteen miles, while the fourth is within six miles of 
the third. All of the towns mentioned lie within the counties 
under consideration except Ellsworth, which is north of the 
Iowa line one mile, and Struble and Sheldon, which are an 
-equal distance south and east respectively of the Sioux county 
line: 
The towns in italics are valley towns and their elevation is 
:affected to a greater or less extent by this fact. Lester is in 
the valley of Mud creek; Rock Rapids, Doon, Little Rock and 
Rock Valley are in the proximity of Rock river; the elevations 
of Sheldon, Alton, Hosper, and Carnes are affected by their 
*Iowa Geol. Survey, Vol. VIII, p. 332. 
tIowa Acad. Sciences, Vol. VI, p 122. 
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n~arness to the East Floyd, while those of Maurice and Struble 
NORTH. 
Granite Larchwood L ester Rock Rapids Ellsworth Little Rock 
1310 1465 1377 1345 1445 1475 
Doon 
Beloit Inwood 1285 Hull Boyden Sheldon 
1240 1471 Rock Valley 1433 1423 1415 
1253 
Hawarden Ireton Maurice Orange City Alton Hosper 
1188 1377 1314 142; 1308 1341 
Chatsworth Struble Carnes 
1152 1271 1261 
I 
SOUTH. 
are influenced by the West Floyd. All of the towns in the 
western tier are near the Big Sioux: 
NORTH. 
1 mile S of Larchwood 2 miles E of Ellsworth 1 mlle W of Granite 1465 RockR'pids 1445 Little Rock 1440 1415 1505 
Inwood 3 miles ]~ of Hull Boyden 1 mile'W of Rock Valley . Sheldon 1471 1323 1433 1423 1475 
2 m N E of Ireton 3 miles E of Orange City Chatsworth Maurice 
]252 1377 1395 1421 
SOUTH. 
The second table gives upland elevations only and bears out 
the statemeJ;lt that the normal slope is from northeast to 
southwest, and slight. 
Topography of older drift. -The surface of this slightly 
sloping plain has been sufficiently diversified by stream erosion 
to afford perfect drainage, which with the nature .of the soil 
results in an ideal farming region. The slopes are gradual, 
indicating for the streams a considerable age, and the bottom 
lands are broad, seldom deeply cut by recent stream beds, 
. , 
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making it possible in most cases to cultivate the soil to the 
water's edge. From fifteen to twenty feet above the flood 
plain in the valleys of the Big Sioux and Rock rivers there is 
a conspicuous terrace, generally much broader than the flood 
plain. The soft nature of the material through which the 
streams have cut favors the formation of broad shallow 
valleys. The major stream of the region, the Big Sioux, 
forms the western boundary of the two counties under con-
sideration. During this short course of forty-two miles its 
valley changes materially in nature and size. From the state 
line at the north to Elm Springs, the valley is admirably set 
forth by the portion of the United States topographic map 
for the Canton district that accompanies this report. On the 
Dakota side for four miles south of the state line high bluffs 
face the river. Continuing 'south on the same side for ten 
miles, till a point three miles south of Canton is reached, 
there are no bluffs, and the gravel terrace is but a few feet 
below the average level of the region. At this point very 
prominent bluffs again appear and continue nearly to Hud-
son. The bluff topography continues to the south, but 
after passing Hudson they recede from the river, forming 
bold headlands. only here and there where the river has very 
recently been cutting at their base. On the Iowa side these 
pronounced bluffs, averaging 150 feet above the river, do not 
appear north of Blood Run creek, .which empties into the 
Big Sioux three miles below the state line. Beginning at 
this point they continue without a break as far south as 
Hudson, where the topographic features become uniform for 
both sides of the river. For seven miles north of Canton, 
therefore, the Iowa bluffs overlook the Dakota plain which 
lies 150 feet below. 
The width of the valley varies in the same way. At the 
state line it is two miles across, and so continues to the mouth 
of Blood Run creek. Thence to Canton it is often not more 
than half a mile wide, its upper course appearing narrower on 
account of the bluffs. From Canton to Beloit it is again two 
miles wide; A mile below Beloit it narrows sharply to half a 
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mile and this width persists to the mouth of the Rock river 
above Hudson. From Hudson to Chatsworth its average 
width is two miles. 
The bottom lands of the Rock river near its mouth are half 
a mile wide and so continue as far as Doon. The river here 
divides into th e East and West Rock, and the valley of each is 
proportionately less than that of the stream after their junc-
tion. Six Mile creek, on some maps called Ford creek, flows 
through a valley of some maturity. Ten miles from the 
mouth of the stream the' bottom lands are 200 feet across and 
lie seventy feet below the upland plain, from which the slope 
is very gradual. Mud creek is a tributary of the East Rock, 
into which it empties near Doon. It barely reaches across 
, Lyon county into Minnesota, and drains in its course the 
greater part of three townships. Its valley is bro;:td, however, 
broader than the present si~e of the stream would justify 
apparently, and an explanation is suggested in connection with 
other problems of the Pleistocene. The valley of the West 
Floyd in Sioux county, also, is out of proportion to the present 
size of the stream. This opinion is reached by comparing it 
with other valleys in these counties that seem to be of the 
same age in other respects. Although it rises two miles north 
of Boyden, in Tp. 96 N., R. XLIV W., Secs. 4 and 8, in Sioux 
county its valley is two miles wide and sixty feet deep. This 
extensive valley in the vicinity of Middleburg is indicated on 
the railroad commissioners' map as a slough. In the neigh-
borhood it is known as Belle lake, though the term lake seems 
never to have been applicable. In former years the river 
overflowed this broad bottom land during the spring, but of 
late the land has been under cultivation. No artificial drain-
age has brought about the change but the washing down of 
the slopes has filled in the lowlands. These slopes have been 
under cultivation for thirty years and the loess surface under 
these conditions readily washes into the hollows. There are 
no sloughs or lakes in either county and a topographic map 
of the region would make clear the fact that the entire area 
is reached by the streams and none left undrained. The 
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minor feeders are not conspicuous enough to be placed on an 
ordinary map, and only during the rainy seasons do they 
appear as water courses. In the spring, however, great 
quantities of water pour down the broad valleys that every-
where open into the main creek and river beds, testing and 
sometimes overstraining the capacity of the culverts which, 
as a rule, are unusually large. The surface of the region, 
therefore, is decidedly undulatory. Except along the Big 
Sioux there are no sharp ravines with steep sides, but instead 
there are gradual slopes f!,om a broad crest leading to a broad 
valley. To gain one crest, however, is simply to discover 
another hollow. The grades are not steep, they may usually 
be climbed with a bicycle, and the long even declines make it 
possible to coast to the bottom of the depression and part way 
up the next slope. 
The topographic map of the Canton quadrangle takes in 
enough of western Lyon county to bring out the contrast 
between this surface and the Wisconsin drift of Dakota. At 
a glance it reveals the fact that the Lyon county surface is 
older and its drainage more perfectly developed. This differ-
ence would be more marked had a section of Lyon, or Sioux 
county away from the Big Sioux been taken for comparison, 
for certain factors to be considered later have made the 
region along the Big Sioux somewhat abnormal. Notably so 
is the strip from Canton to the mouth of Rock river. 
Attention has already been called to the bluffs along the river 
at this point. The streams flowing into the Big Sioux here 
are insignificant in length, and instead of valleys they flow 
through narrow sharp angled ravines commonly termed draws . 
. Their sides are precipitous and wagon roads are made with 
difficulty. 
Topoq1'aphy of Wisconsin m01'aine and outwash.-Another 
region with abnormal topography includes certain parts of 
four townships in northeastern Lyon county. In following 
the road on the state line toward the east, at Tp. 100 N., R. 
XLIV W., Sec. 10 center, the undulations that characterize 
the country to the west will be found to cease and for four 
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miles a conspicuously level surface prevails. The western 
edge of this level area is not clearly defined, yet the changes 
in conditions will be noticed within half a mile. The inner 
or eastern edge is bounded by a distinct ridge having an 
elevation of fifty feet. This ridge trends from southeast to 
northwest, crossing the state line at Tp. 100 N., R. XLIII 
W., Sec. 8, eastern edge. Four miles southeast, at Little 
Rock, it loses its distinctness on account of the erosi ve action 
of the East Rock river. Within this ridge, that is, to the 
north and east, the country is rolling, the ridges in general 
having the same direction as the outer one. They are more 
persistent than the ridges formed by erosion found elsewhere 
in the county, and cutting into them there are no secondary 
ravines. The East Rock river north of the town of Little 
Rock flows between two of these ridges in a trough that 
might readily be mistaken for a valley that the stream has 
created. The size of the trough, however, is out of propor-
tion to the valley of the stream a little farther south. Here 
and there within this region of ridges are hummocks of sand 
and gravel reaching an elevation of sixty feet. These .are 
most conspicuous in Tp. 100 N., R. XLIII W., Sees. 15 ai;td 
23. These conditions, namely, a broad level belt fringing a 
ridge on the inside of which are other ridges having a similar 
trend, persist to the north and were easily traced as far as 
Adrian, Minn., and to the southeast into Osceola county. 
DRAINAGE. 
The rivers of Lyon and Sioux counties are tributaries of the 
Missouri. The Big Sioux forms the western boundary of these 
counties and with its branches drains all of Lyon county and 
the western half of Sioux. Its source is in Dakota some 
forty miles north of the boundary of Iowa. Between the mouth 
of Rock river and the Dakota line the Sioux receives few 
tributaries, Blood Run and Plum creeks being the largest. 
The elevation of low water at Brandon, South Dakota, which 
is below the falls and near the state line, is 1281 feet, while at 
Chatsworth, near the southern Sioux county line, it is 1132 
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feet; giving a total fall 6f 149 feet and an average fall of 3.2 
feet per 'mile. This fact makes the stream valuable for 
water power. At Hawarden and Hudson dams which give a 
head of seven feet cause the water to set back only two 
miles. 
Rock river is the largest tributary of the Big Sioux and, 
with its branches, drains northeastern Sioux county and central 
and eastern Lyon county. Three miles south of Hudson it 
unites with the Big Sioux. Its elevation here is 1195 feet, 
while at Rock Rapids its low water level is 1450 feet above 
the sea, making for the in tervening distance a descent of 265 
feet, or 5.3 feet per mile. Near Doon it receives as tribu-
taries Mud creek and East Rock river. Kanaranzi and Tom 
creeks unite with it near Rock Rapids. 
Six mile creek empties into the Big Sioux at Chatsworth. 
It is twenty miles long and drains fifty square miles in south-
western Sioux county. Dry creek, which flows into the Big 
Sioux at Hawarden, drains an equal area. Both of these 
streams are insignificant and often quite without water in 
summer, but during periods of rain, on a:ccount of the slope 
and their elaborate system of, feeders, they suddenly assume 
cDnsiderable proportions. Western and central Sioux county 
is drained by the East and West Floyd. In Sioux county the 
characteristics of these streams are those of Six Mile creek 
just described. They have a fall of about five feet per mile. 
Of these streams the Big Sioux is the only one that has a 
valley in which are exposed the indurated rocks that underlie 
the drift. The age of the stream, therefore, is best con-
sidered in connection with the age of the drift and other phe-
nomena of the Pleistocene. 
STRATIGRAPHY. 
GENERAL RELATIONS OF STRATA. 
The formations of Lyon and Sioux counties may be grouped 
in two classes primarily; those in which the component sub-
stances are heterogeneous, and those which are practically 
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uniform in nature. Under the first may be included the gla-
cial drifts and associated deposits. In the drift the rock frag-
ments vary greatly in composition and origin, having been 
picked up by the ice sheets from the various regions over 
which they passed. The only deposits related to the drift 
that approach homogeneity are certain outwash beds of sand, 
and the loess, though the glacial origin of the latter may be 
fairly questioned. 
Beneath these glacial deposits are formations that in struc-
ture and composition are nearly uniform. Between these 
homogeneous formations and those which vary greatly in 
composition and structure are certain sands and clays that 
are not readily classified. The difficulty arises from the fact 
that these sands and gravels are quite uniform in the few 
places where found, but exposures are so rare that they may 
possibly belong to the upper heterogeneous series which, for 
a very limited area, fails to present its normally diversified 
characteristics. 
Aside from the Sioux quartzite in northwestern Lyon county 
the only opportunity for directly observing the indurated 
rocks that everyw here underlie the drift is gi ven by exposures 
plong the Big Sioux river. A limited amount of information 
may be gained from records of well borings. The Sioux quart-
zite, which is generally regarded as Huronian, is the oldest 
rock formation in these counties. Other strata beneath the 
drift belong to the Cretaceous, except certain sands and clays 
which are probably to be referred to the Pliocene. The 
classificatjon of known strata is shown in the following table: 
In western Iowa, eastern Nebraska, and eastern Kansas the 
Cretaceous strata rest directly on the Carboniferous. * Far-
ther west, in the Rocky mountains, the whole Jura-Trias series 
intervenes. The conclusion follows that at the end of the 
Carboniferous age the shore line was far to the west of Iowa 
and that the Carboniferous rocks in the western part of the 
state were subject to erosion for a very long period of time. 
*u. B. Geol. Survey, bulletins, Vol. IV, p. 870. 
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At the end of this peri9.9.. there was a subsidence that brought 
the shore line again eastward as far as central Iowa. While 
this subsidence was going on the Cretaceous deposits were 
formed. During the first stages of the subsidence, along the 
GROUP. SYSTEM. SERIES. STAGE. SUB-STAGE. FORMATION. 
Recent. Alluvium. 
Wisconsin. Moraines Gravel trains. 
Cenozoic. Pleistocene Glacial. Iowan? Loess. 
Kansan. Drift. 
Pliocene? Sands and clays 
Colorado. Benton. Shales. 
Mesozoic. Cretaceous Upper. 
Dakota. 
Eozoic. Algonkian. Qua.rtzite. 
gradually retreating shore line, sands were deposited which 
now appear as the Dakota sandstone, the lowest member of 
the Cretaceous in northern Iowa. Later, when the depth of 
the water had increased, the Colorado shales and limestones 
were laid down above these sands. At the' close of the Colo-
rado stage the region was again raised above water, with the 
possible exception of certain limited areas that were lake beds 
during Tertiary times. 
ALGONKIAN. 
THE QUARTZITE. 
The Sioux quartzite or "granite," as it is commonly called, 
appears on the surface in a single township in Lyon county. 
The area in Minnesota and Dakota, however, within which 
exposures of this rock are common, is considerable. As stated 
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by Beyer* its extreme eastern limit of outcrop is found at 
Redstone, and its most westerly exposure is near Mitchell on 
the James river. Its greatest width is about sixty miles, 
extending from Flandreau on the north, to Oanton, which is 
on its southern border, giving a total area of more than 6,000 
miles. Its thickness has been variously estimated, but on 
this point there is little on which to base a positive assertion. 
Well drillings have not passed through it, though they have 
entered it to a considerable depth, and there are no great folds 
or flexures. It is thought by Todd of the South Dakota 
surveyt and by Beyer that its thickness does not exceed 1,500 
feet. 
Instead of quartzite, originally the formation was water-
laid sand. Proofs are still present in the ripple marks and 
lines of lamination and stratification. The layers varied in 
thickness from two feet to half an inch. Oross bedding was 
not uncommon, indicating that, in places at least, the sand 
was deposited by rapidly running water. These characteris-
tics are still preserved in the quartzite. Subsequently the 
sand was permeated by water holding in solution silica which 
crystallized around the sand grains and cemeted them 
together, producing a solid quartz mass. Microscopic study 
of the quartzite by Irving and Van Hise has made clear the 
fact that the silica which forms the matrix has been deposited 
along lines that correspond with the crystalline axes of the 
several grains. The interstitial deposit of silica explains the 
unusual firmness of the rock. The same observers made 
clear that while silica was deposited about all of the sand 
particles, frequently the quantity was not sufficient to fill all. 
of the spaces between the g rains. As a result a sandstone 
easily crumbled was produced. Throughout the quartzite 
' this condition exists. In close proximity to quartzite and in 
the same beds the rock shades off into friable sandstone and 
even into uncementEid sand. These softer layers are gen-
erally thin and quickly give place to t '} ~ normal quartzite 
*Iowa Geological Survey, Vol. VI, p , 71. 
t Prel1mlnary Report on Geol. , S. Dak., 18~4, p. 35. 
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Well drillings that have penetrated the quartzite show that 
in the midst of the harder rock there are at times several 
feet of sand. An example of this sort is found in the well, of 
the B., C. R. & N. railroad at Ellsworth, Minn., one mile 
north of the Lyon county line, where the quartzite was 
encountered uJ1.der 180 feet of drift and fifty feet of shale. 
It was penetrated to a depth of 315 feet, and frequently sand 
layers of considerable thickness were found. The color of 
the rock varies from pink to purple, red being most prevalent. 
The coloring matter is oxide of iron, which forms a thin coat-
ing around the quartz grains. Near the upper surface and 
along joints leaching has evidently taken place, for the colors 
are dull. As determined by the Minnesota survey the rock is 
composed almost wholly of quartz, 85.52 per cent consisting 
of that mineral. * 
The Sioux quartzite is extremely hard, breaks with a con-
choidal fracture, and takes a high polish. Catlin wrote of it 
as follows: "The quartz is of a close grain and exceedingly 
hard, eliciting the most brilliant sparks from steel, and in 
most places where its surface is exposed to the sun and air it 
is highly polished beyond any results that could have been 
produced by dilu:vial action, being perfectly , glazed as if by 
ignition. "t This polishing is without doubt due to the action 
of the wind. Excellent examples of this wind polishing are 
found on "the mound" at Luverne, Minn., and some are 
found on the Lyon county exposures. The polishing is most 
marked on vertical surfaces and follows the inequalities of 
the rock, smoothing out the sharp angles, but not wholly 
removing the unevenness due to the roughness of the original 
fracture. It differs, therefore, clearly, from glacial polish-
ing. In the same way quartzite blocks carried by the' ice far 
to the south, when exposed on the surface of the drift, 
readily become polished. The luster is not unlike that seen 
on large lumps of rock salt that are , constantly licked by 
cattle. The position of wind polished portions of rock, often 
• Geol. e.nd Nat. Hlst. Survey ot MInn., Vol. I, p. 149. 
; Am. Journal ot ScIence, Vol. XXXVIII, p, H5, 1840. 
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within a few inches of .the ground and on vertical surfaces that 
are protected by projections above, preclude the possibility 
that the polishing could have been done by animals rubbing 
against the rock. Winchell, in describing this phenomenon 
in his discussion of the Quartzite of Rock and P ipestone 
Coun ties, Minn. , * says : " The edges of the layers exposed 
toward the northwest are polished, doubtless by the dust 
particles swept by winds. The surface in some cases is as 
smoothly polished as can be done artificially with the utmost 
skill and patience." Gilbert, in a paper on The Natural 
Erosion of Sand in the Western Terri.tories, t says that " sand 
when moved by air in regions where there is no moisture, 
• humus, or vegetation to entangle it, is a denuding agent 
worthy to be mentioned with frost, wave, and flood." Not 
only are bold cliffs and the walls of mountain passes eroded 
by this agency, but pebbles lying in the open plain are carved 
till their surfaces are ridged and grooved and they are finally 
reduced to dust. Endlich,:j: considering erosion phenomena 
in Colorado, comes to the same conclusion. To the writer 
special interest in this subject of wind polishing was given 
by the fact that lying on the surface of the drift, but buried 
by the loess, in Lyon and Sioux counties bowlders were found 
which appear to have been polished in the same manner as 
the surface quartzite. They will be considered in connection 
with the drift and t?e discussion in regard to the origin of 
the loess. In the Lyon county quartzite exposures it was 
observed that polishing does not occur at an elevation above 
the ground greater than five feet, and that it is most common 
on vertical surfaces not more than eighteen inches above the 
level of the soil. This would indicate that small particles 
carried by the wind, but lifted only a little above the ground, 
are really the polishing agents. 
The dip of the quartzite is 'variable, so that no series of folds ' 
can be made out. It is seldom more than ten d~grees. At 
• Geol. and Nat·. Blst. Survey 01 Minn., Vol. I, p. 541. 
t Proceeding of American Soc. for <\dv. Science, Vol. XXnL 
:j: a. S. Geog. Survey of Territories, bullet ins, Vol. I V, p. 833. 
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the mound near Luverne the dip is eight to twelve degrees to 
the northwest, at Jasper pool in Lyon county it is six degrees 
·north, and at · Sioux Falls it is eight degrees south. Todd 
considers this dip to be that of the original deposition rather 
than of flexures in the earth's crust. * There are two sets of 
vertical joint planes, nearly at right angles to each other. 
They vary in distance from one another from an inch to two 
feet. These, with the distinct layers, render the rock easy to 
quarry and at the same time expose 'it to the agencies that 
cause disintegration. While it makes the most durable of 
building materials, as exposed in the beds the action of frosts 
tends to break the rock into fragments varying in size with 
the distance between layers and joints. For economic pur-" 
poses, however, the joints are useful rather than otherwise, 
since they aid in quarrying, and the distance between them is 
S'O variable that solid blocks of any size to suit ordinary pur-
poses are readily obtained. 
Aqe of the quartzite.-Beyer, in the report already referred to, t 
gives the results of special study in regard to the age of the 
quartzite and associated formations, and from its lithological 
character and structural relationships refers it to the Huronian. 
It has been referred to the Cretaceous by Hayden and to the 
Potsdam by the geologists of the Minnesota survey. Hall, 
White, Irving,Van Hise, and Todd favor the Huronian. Keyes,t 
after reviewing the opinions of other authorities, is inclined to 
think that the great age of these rocks is not to be positively 
affirmed. Heis led to this opinion by certain fossil forms 
resembling lamel-libranchs of the Cardium and Cytherea types 
that he has found in the quartzite, and recalls Hayden's 
reference to abundant casts in another part of the region. 
Still, until more light is thrown on the subject, he would 
regard the quartzite as pre-Cambrian. 
The quclIrtz p01phyries.-During 1892 a well was sunk at Hull, 
in Sioux county, for artesian water. At a depth of 755 feet a 
* PreHm. Report on Geol , S. Dak., 189~, p. 35. 
tIowa Geol. Survey, Vol. VI. 
;j: ProceedIngs Iowa Acad. Sclencee, Vol. II, p. 222. 
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compact olive-green rock was encountered which was mis-
taken for the Sioux q uartzi teo More careful study made plain 
the fact that the drill chips were typical quartz porphyry. * 
Quoting from Dr. Beyer's report on this well: "After drill-
ing about forty-five feet in quart.z-porphyry, a stratum about 
two feet in thickness of soft fine-grained saudy material was 
struck. This was immediately followed by another stratum 
of quartz-porphyry and these in turn gave pla~e to sand-rock. 
These alternations of quartz-porphyries and sandstones con-
tinued tothe end of the drilling, a depth of over 1,200 feet. The 
w hole series of quartz-porphyries seem to be identical in struc-
ture and composition. " 
The following is an approximate record of the well below 
755 feet: 
FEET. 
18. Compact olive-green quartz-porphyry....... 755- 800 
17. Fine-grained sandstone. ..................... 800- 802. 
16. Quartz-porphyry..... . ... ............ . .... . 802 
15. Coarse-grained sandstone . ........... . . . . . . . . 825 
14. Quartz-porphyry . .. " ......... .... ...... . .. 832- 840 
13. Fine-grained sandstone. . .. .. . ...... . .. .. ... 840- 860 
12. Conglomerate... . ....... . ..... .. ...... . . . . . 866 
11. Fine-grained sandstone. . . . . . . . . . . . . . . . . . . . . . 880- 900 
10. Quartz porphyry. . . . . . . . . . . . . . . . . . . . . . . . . . . . 900- 930 
9. Fine-grained sandstone....... . . .. ... .... ... 930 
8. Pebbles and sand.. .. . .. .. . .. .. .. . .. .. .. . .. .. 930- 935 
7. Decomposing quartz-porphyry..... . ....... . . \l35- 940 
6. Fresh quartz-porphyry.. . .... .. .... .. ....... 944 
5. Decomposing quartz-porphyry. .. .. .... . . . .. 949 
4. Quartz-porphyry.... . . .. .. .. . ... .. .. ... .... 975- 990 
3. Sandstone . . ... ..... .. ......... . ...... . ... .. . 990 
2. Quartz-porphyry . ... . ....... .. ... .. .. , . .... 1,194- 1,220 
1. Fine-grained sandstone ... . .......... . . . ..... 1,228 
The quartz-porphyries are recognized as of igneous ori'gin, 
and in this case must represent lava flows of some sort, either 
overflow beds or intrusive sheets. Beyer's later study of the 
quartzite and its associated beds led him to interpret the Hull 
well record as additional evidence of the Huronian age of the 
quartzite, because the quartz-porphyry" is strikingly similar 
to the intrusives that are peculiar to the Huronian in the 
Lake Superior region." 
"Iowa Geol. Survey, Vol. I , p. 165. 
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The quartzite presents many glaciated surfaces. Those on 
the Lyon county exposures are exceedingly clear and well 
preserved. Edges that would otherwise be abrupt, are 
rounded, and surfaces are planed, striated, and in some cases 
grooved. Chatter marks are common. They are well 
described by Winchell in his account of the quartzite of Rock 
county, Minn. * 
Fig. 1. G~aclal groove on quartzite In Lyon county. 
He says: "It cannot be doubted that this marking was done 
by n force that exerted a great pressure at the same time that 
the marks were made. This pressure is evinced not only in 
the marking itself, which is on the hardest formaticn in the 
state, but in the minute cross fractures that .cover the surface 
where the rasping has taken place, and yet leave it in the 
main a smooth and moutoneed surface. These cross fractures 
run curvingly downward and at varying angles with the sur-
face, and to all depths less than an inch, but usually less than 
>Geol. and Nat. Rlst. Survey, Minn., Vol. I, p. 518. 
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one-sixteenth of an inch, and indicate an incipient crushing to 
the depth of at least an inch. They show in what manner the 
rasping reduced the original projecting knobs. Where the 
natural seams or planes of jointage cross· the rock, causing 
the quartzite to chip off sooner and deeper with a. curving and 
conchoidal fracture, these Uttle checks are larger. Their pre~ 
vailing direction is transverse to the rasping force, so that the 
rock along some grooves has a short, conchoidally fractured 
structure transverse to the grooves, penetrating it to the 
depth of a quarter of an inch, exhibited in a series of little 
curving furrows where the laminae broke off successively, the 
convexities of the laminae being toward the north." Know-
ing the crushing resistance of the quartzite, he has computed 
that the pressure that caused these marks must have come 
from an ice sheet several miles in thickness. 
THE QUARTZITE IN LYON COUNTY. 
On the surface the quartzite is found in but two sections of 
a single township in Lyon county, and is nowhere exposed in 
Sioux county. These sections are 7 in Tp.l00, N., R. XLVIII,W. 
and 11 in Tp.l00, N., R. XLIX W. The first named exposure is 
found in the north central part of the section and may be seen 
from the road on the state line. The outcrop is in the bottom 
of a small valley and is perhaps fifty feet wide with a total · 
length of half a mile. Erosion has removed the drift over this 
limited area exposing t.he quartzite which, doubtle~s, under-
lies it throughout this corner of the county. Thirty miles to 
the east it is known that the Benton shale intervenes. Sec-
tion 11 of range XLIX is in the bottom lands of the Big Sioux. 
The quartzite here exposed is in the form of a ridge 100 yards 
wide and 400 yards long, rising to a height of twenty feet. In 
the bluffs just across the river an exposure of quartzite, evi-
dently a part of this same ridge, rises to a height of fifty feetL 
10 G Rep 
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The dip of the rock at both of the Iowa exposures is six 
degrees north. Its characteristics are those common to the 
quartzite in other localities. The metamorphism is general 
but not universal. Occasionally the rock is soft enough to 
crumble between the fingers. The joint planes are in two sets 
FIG. 2. Jasper Pool. Quartzite exposure in Lyon county . 
. at right angles to each other and from two to ten inches apart. 
In section 7 there is a beautiful example of oblique lamination. 
On the same exposure are remarable glacial striae and grooves. 
Apparently the drift has but lately been removed from the 
surface. The maximum depth of the grooves is eight inches, 
which is considerable when the hardness of the rock is taken 
into account. There are two distinct sets of striae, one evi-
dently more recent than the other, since in places one is erased 
by the other. The corrected readings for these striae are S . 
.30° E. and S. 5° W.-x- It is not necess,ary to suppose that they 
represent two ice sheets. The second set was probably formed 
:by the same ice sheet that was responsible for the first, the 
·change in direction indicating the direction of the ice move- ' 
ment during its recession. 
-Allowing 100 for deflection of magnetic needle to the east. 
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The quartzite, doubtless, underlies both counties, though 
buried deep by drift and Cretaceous deposits. On Lu Peter's 
farm near Little Rock,on the eastern boundary of Lyon county, 
it was encountered beneath shale and drift at a depth of 360 
feet. At Ellsworth, Minn., near the northeast corner of Lyon 
county, it was found beneath similar material at a depth of 281 
feet. 
FIG. 3. Oblique Lamination In quartzite of Lyon county. 
The chief ~alue of the quartzite lies in the fact that it is 
easily shaped into paving blocks, which, on account of 
hardness, are practically indestructible. Quarrying for this 
purpose is extensively carried on at East Sioux Falls, S. 
Dak. The fragments chipped off in making the blocks 
can be advantageously crushed for macadamizing. Such 
a crusher was operated a few years ago at Rowena, S. 
Dak. Handsome structures for many purposes have been 
built from the quartzite in the vicinity where it is found, and 
a considerable quantity has been shipped for building purposes 
to fairly remote points. There promises to be a steady and 
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gradually increasing demand for quartzite for all of the pur-
poses mentioned, as its qualities become better known. 
CRETACEOUS. 
For knowledge of all deposits except the quartzite and drift 
we are dependent on certain exposures along the Big Sio ux 
and upon well data. Inferences may also be made from 
exposures in neighboring counties. The Big Sioux has cut 
through the drift and into the indurated rocks to a total de pth 
of 250 feet, while the deep wells of both counties give data 
that can be interpreted for 300 feet farther, The following 
records are those of wells drilled by Mr. M. E. Layne, of Rock 
Rapids, and are selected from many as typical for the locality 
in which they occur. 
Ellsworth, Minn., railroad well, one mile north Lyon county 
line: 
FEET. 
10. Soil....... .. .. . .... . .............................. 2 
9. Yellow clay with gravel. . ......... ............ .. .... 3 
8. Gravel. ...... .. ............ : . . .. . . . . . . . . . . . . . . . . . . .. 6 
7. Yellow clay with gravel. ........................... 80 
6. Sand and gravel (little water)......... ......... . ..... 4 
5. Blue clay with gravel and bowlders ..... , .... : ..... 95 
4. Soapstone (shale), blue, no gravel. ....... .......... " 50 
3. Clean, water-bel.ring sand .... ... .......... ... ....... 30 
2. Sand, with clay ........ ..... . ..... . .. ......... ..... . 20 
1. Quartzite at depth of 281 feet .................. ... . . 
The flow of water from the sand just above the quartzite in 
this well is said to be 100,000 gallons in twenty-four hours. 
An effort was made to pass through the quartzite at this point 
by other well drillers, and the rock w.as penetrated 300 feet, 
when the effort was abandoned. 
Well of John Vanderberg, near Sioux Center, in Sioux 
'county, Tp. 96, N. R. XLV W., Sec. 27, south t: 
FEET. 
12 Soil........................... ... ... ...... .. ... ... . 2 
11. Yellow clay with graveL .... . ........ . .... ..... .. . . 130 
10. Loose sand (no water) . .... . .. ....... .. ............ 4 
9. Blue and yellow clay with bowlders ... ... . ........ 100 
!l. Sand and clay ............................. . ...... " 66 
7. Soapstone (shale), no bowlders or gravel. . .......... 80 
6. Fine sand (much water), entered to a depth of...... 13 
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Well at Hudson, in valley of Big Sioux: 
5. Soil:. . ...................... . . . ..... .. . . ... . .. 2 
4 Yellow clay with gravel.... . . .... .. . ........ ... . . . 15 
3. Blue clay with graveL .............. " ... . ....... . 100 
2. Soapstone (shale), no graveL ........ . . . . .. .. . . .. . . 145 
1. Sand (much water) stopped in this .. . ............. . 
New town well at Hudson, nearer the river than the one 
just described, on gravel terr~ee: 
F E ET. 
6. Gravel .. . . . . . . . . .. . . . . . .. .... . ... . . . .. . ............. 30 
5. Blue clay with gravel . .. .. ... . .. ... . .. . .. . ....... . . .. 15 
4. "Soapstone" (shale) ... . , ......... . ....... . .......... . . 70 
3. Gravel (little water). . . . . . . . . .. ... . ... . , .. .. . ... . ... . 3 
2. Shale with pyrites ............. . . , . . . ......... '.. . ... 65 
1. Sand rock with pyrites entered only (much water).... 5 
Railroad well at Sibley: 
FEET. 
7 . . SoiL . ... .. ... . .. . ... . ..... .. . . . ... ,. . ...... .. . .... .. 3 
6. Yellow clay with graveL .. . . . ..... . ... . .... ,. ..... . 60 
5. Blue clay with gravel.. ...... . . . .. . , , . . . . . . . . . . . . . . .. 60 
4. Sand and clay (some water) ... , . .. , ..... . ,.. . . ...... 6 
3. Blue clay, sand with bowlders .. ..... . .. .. .. , . .. .. . .. 180 
2. " Soapstone" (shale) no gravel. ...... ... , . . . . . . . . . . . . . 80 
l. Sand with much water, entered o'Dly (much water) . .. 20 
The capacity of this well is given as 117,000 gallons in 
twenty-four hours. 
Mr. Layne reports that the so-called soapstone is a definite 
formation and that after reaching it he feels certain of his 
position and can predict quite accurately the distance beneath 
it at which he will find the water-bearing sands. He reports 
the "soapstone" everywhere free from gravel and bowlders. 
Samples of this rock brought to the surface from his wells 
show that it agrees in color and texture with certain shales 
exposed along the Big Sioux. These shales will be @arefully 
considered later. The water-bearing sand in which these 
wells stop is generally coarse, that brought to the surfacf' 
from a n~mber of wells resembling that which makes up the 
Dakota sandstone. The abundance of water that the sand 
yields favors the belief that they are to be associated with this 
formation. 
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DAKOT A SANDSTONE. 
In Plymouth county, just south of Sioux, the Dakota sand-
stone is exposed in cuttings and has been identified not only 
by its stratigraphical relations but by its fossils as well. 
There it underlies the Benton shR.le. It is found in the same 
position in South Dakota. The shale or "soapstone" of the 
well records is exposed along the Big Sioux and the fossils 
. that it contains readily show that it is the Benton. Without 
doubt, then, the sands yielding water in the deep wells cited 
belong to the Dakota formation. 
The Dakota sandstone in South Dakota furnishes the water 
for the wonderful artesian wells that have added so materially 
to the wealth of that state. In 1896 the outflow of these wells, 
as estimated by N. H. Darton, ofthe U. S. Geological Survey, * 
was 104,000 gallons per minute. A small fraction of the water 
is derived from sources other than the Dakota sandstone. 
The pressure at the surface of these wells is often 100 pounds, 
and in a few cases amounts to 150 pounds. They supply power 
for large flouring mills, electric light plants and similar indus-
tries. The artesian area lies in the main between the James 
and Missouri rivers. The increase in elevation west of the 
Missouri renders artesian wells in this region extremely 
doubtful, for although the DakQta sandstone with its abundant 
water underlies it the wells already flowing indicate that the 
head would not be sufficient to raise the ,water to the surface. 
The counties along the Big Sioux in South Dakota and Iowa, 
however, are very low, 200 feet lower than the artesian district. 
Regardless of this fact there are no flowing wells in the vicin-
ityof the Big Sioux. The water in the Lyon and Sioux county 
wells that penetrate the Dakota sandstone rises only to within 
100-150 feet of the surface. This lack of pressure necessary to 
produce a flowing well is accounted for in two ways. First, 
the Dakota sandstone is exposed along the Big Sioux and 
the Missouri rivers, and there is opportunity for abun-
dant leakage. A more efficient reason is found in the distance 
·U. S. Geol. Survey, 7th An. Rep, p 609. 
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from the source of supply. The Dakota sandstone outcrops 
in the Rocky mountains and Black hills, and from these reg-
ions the water makes its way eastward through the pervious 
rock to Iowa. In accordance with the well known law of 
physics the pressure diminishes regularly as the distance from 
the source increases. Although the source of the water in 
the Rocky mountains is 8,000 feet above the Dakota formation 
in Iowa, the distance reldily accounts for the diminished 
pressure eastward. In considering the underground waters 
a 
FlO. 4. Diagram illustrating relation of water pressure to distance from source . 
of southwestern Nebraska, where the Dakota sandstone fur-
nishes wells like those in Lyon and Sioux counties, Dartont 
suggests as an additional reason for the limited water press-
ure, that immediately west the formation may be finer grained 
and so choke out the water. 
THE BENTON SHALES. 
Four miles south of Hawarden the Big Sioux river has 
swung over against its east bank and after cutting through 
the gravel terrace and drift has made an extensive excava-
tion in the underlying deposits. The Chicago, Milwaukee & 
St. Paul railroad in laying the bed for its track ~t this point, has 
aided geological study by similar excavations. The section 
thus jointly revealed at one point is as follows: 
FEET. 
4. Loess .. ... ... ........................................ 5 
3. Drift. ....... ........ .. ............ ........ .... ... . .... 2 
2. Shale with selenite ........................ " .. ..... . 20 
1. Limestone.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 
tIrrigation Papers U. S. Geol. Survey, No. 12, p. 47. 
112' GEOLOGY OF LYON AND SIOUX COUNTIES. 
Three hundred yards down the river the following series is 
exposed: 
FEET. 
5. Loess ................................... .. ............ 20 
4. Drift .................. . . ............. ... . .. .... . ...... 25 
3. Sand ......... . ....................................... 15 
2. Limestone ........................................... 20 
1. Shale . ........ . .... ... . . ............. · .. ......... .... . 10 
The exact location of these exposures is in Sioux county, 
Tp. 94 N., R. XLVIIIW., Sec. 22; west center. . 
The loess and drift have the characteristics common to these 
deposits elsewhere in the county. The limestone in both 
exposures is the same stratum. The lower exposu:oe is on a 
point of land that projects farther into the valley of the Big 
Sioux than the upper, and it is evident that the shale which 
in the upper exposure overlies the limestone, has been removed 
by erosion and in its place sand deposited. The shale beneath 
the limestone is probably present at both points but is exposed 
at only one. The section plainly indicated by these exposures 
is, then) loess, drift, shale, limestone and shale. 
FIG. 5. Benton shale exposEd three mnes south of Hawarden . 
The upper shale is everywhere extremely fissile, the laminae 
averaging ten to the inch, each quite distinct. It is practi-
cally free from lime. The predominating color is drab or slate, 
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though it passes through all shades between red and black. 
It is everywhere uniformly soft, though it is never reduced to 
clay. Joints are common, seldom vertical, generally making 
an angle of 45 degrees with the horizontal laminae. The 
shale on either side of the joints is oxidized to a rusty red. 
r n this shale but one fossil form was found. It consists of 
circular prints about an inch in diameter on the thin slabs of 
shale. They are the impressions bf spiral shells, disc-shaped, 
the outer volution much larger than those in the center, the 
volutions ridged. * Three specimens were sent to Professor 
Calvin, who pronounced them Prionocyclus wyominqensis, a 
member of the Ammonite family. 
This shale abounds in selenite. Tabular crystals varying 
in size from a fraction of an inch to three inches are very com-
mon. Generally smaller crystals project from the prismatic 
faces of the larger ones. Twin crystals are not uncommon. . 
Rosettes often occur, while between the laminae there is a 
. frost work of minute gypsl}.m scales. The larger crystals are 
seldom clear, all of them apparently containing some impu-
rities. 
The limestone that appears in both the upper and lower 
exposures is in very thin layers, averaging perhaps half an 
inch. It is clearly distinguished from the upper shale but 
shades gradually into the lower. It is generally hard and 
brittle, though at points it is made up of coarse layers and is 
softer, more nearly resembling chalk rock. Atone point 
there are cracks in the rock sometimes half an inch wide 
filled with white powder. It effervesces slightly with acid, 
showing the presence of some lime. When heated it gives off 
water abundantly. Under the microscope it appears to be 
made up of very many minute crystals of selenite. The lime-
stone is filled with the large and well preserved shells of 
Inocemmus labiatus. 
The shale beneath the limestone is darker, harder and less 
fissile than that above it. It contains a larger percentage of 
"For fu ll description of this ammonite see U. S. Geol. Survey bulletin 106, p. 171. 
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lime and shades gradually into the limestone. At times the 
perfectly hard rock gives place to soft clay, which is extremely 
plastic and in structure and color resembles the fire clay of 
the coal measures. It is impossible to determine the thick-
ness of this shale here for it extends downward nearly to the , 
water's edge where it is covered with alluvium. From this· 
lower shale rather fragile shells were taken, varying.from half 
an inch to an inch in length, somewhat like clam shells. As 
identified by Professor Calvin, they belohg to the genus 
Anomia. One specimen of Ost1'ea oonqesta was found in the 
same horizon. 
The Prianocyclus impressions in the upper shale Professor 
Calvin regards as sufficient pro.of that these shales belong to 
the Benton, for Pl'ianooyolus wyominqenis is a characteristic 
fossil of this group. This precludes the possibility of the 
underlying Inoceramus limestone stratum being Niobrara. 
The whole series, namely, upper shale, limestone and lower 
shale must be regarded as Benton . . Professor Calvin reports 
that just such a series is characteristic of the Benton in 
the Black hills, where to the limestone stratum the title, 
" Oyster Shell Rim" is given. Inoceramus specimens from 
this exposure are of the same type as those of the oyster shell 
rim in the Black hills, whereas, ill the Prianocyclus beds 
above the rim there is an Inooel'amu-s labiatus that has a very 
different expression, so different that Professor Calvin has 
FIG. 6. Section on Big Sioux south of Hawarden. 1. Lower shale. 2. Limestone with 
Inoceramuslabtatu8. 3. Upper shale . 4. Sand. 5. Dr1tt . 6. Loess. 
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difficulty in agreeing with writer~ who do not make it a dis-
tinct species. 
At the foot of the limestone and in the upper part of the 
shale which underlies the limestone there are fine springs. 
In the lower exposure the sand beneath the drift is evi-
dently older than the drift w?ich it underlies unconformably. 
This 'sand in color and texture is like that which generally 
composes the Dakota sandstone, coarse and red. It is for 
the most part uniform in texture. In digging down five feet 
from the surface only one layer a few inches wide was found 
containing material coarser than sand. Interspersed were 
occasional layers of clay from one to three inches thick. The 
upper surface of the sand was cemented by iron into a solid 
sheet two inches thick. It seems that these sands were 
deposited bY,the river before the older drift of the region was 
laid down. ,The limestone that underlies the sand was doubt-
less the stream bed, while the shale, which a little farther 
back overlies the limestone, was the ancient bank. The 
Dakota sandstone was exposed to the north and contributed 
the material. 
In the pit of the brick yard at the edge of the town of 
Hawarden, in Tp. 95 N., R. XLVIII W., Sec. 35, Ne. t, there is 
a good exposure of the upper shale. Its characteristics as 
here shown are the same as those already noted. The selen-
ite is very abundant and is equally distributed throughout the 
exposure. 
Going north along the river no other exposures are found 
till a point four miles south of Hudson is reached. Here, as 
in those exposures south of Hawarden, the river has recently 
been cutting into the east bank. This point is in Tp. 95 N., 
R. XLVIII W., Sec. 12, center. Eigh'(jY feet of the upper shale 
are disclosed, extending from the water's edge to the drift that 
caps the bank. Here, . as elsewhere, selenite is abundant. 
Septarian nodules were found which have not been noted in 
the exposures farther south. 
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Six miles north of Hudson, at Fairview, on the Dakota side 
of the Big Sioux, Todd has found the following section:* 
FEET. 
8, Slope covered with bowlders and clay ............ 50-100 
7. Drab pebbleless clay.... . . . . . . . . . . . . . . .. . ....... 14 
6. Unexposed.............. . ... . ....... ... ..... . .. .. 4 
5. Drab clay thinly laminated without fossils and 
pebbles ..... . .. . .............................. 17 
4. Fine gray sand horizontally stratified ....... . .... 13 
3. Slope ............. . ..... . ........ . ............... 40 
2. Lead-colored clay and shell fragments..... ...... 5 
1. Shale with calcareous concretions, level of stream. 2 
On account of the layer of unconsolidated sand separating 
the upper clays in this exposure from the lower, which he 
regards as clearly Cretaceous, Todd is inclined to think that 
sections 5 and 7 in the series above belong either to the Plio-
cene or the very earliest Pleistocene. Allowing three feet 
per mile for the fall of the stream the wa·ter level here is 
twenty feet above that of the Hudson exposure, where eighty 
feet of undoubted Benton shale rise above the river. The 
surfaces of the two exposures, then, are about on the same 
level. The surface of the shale, however, before the drift 
was deposited would probably vary a · few feet at the two 
·points. The absence of selenite in :five and seven of the Fair-
view series is perhaps the strongest reason for thinking that 
they do 'not belong to the Benton, and leads to the belief 
that they are to be classed with certain clays that are found 
farther north. 
The next exposure to the north was found on the Chicago, 
Milwaukee & St. Paul railroad four miles east of Canton, in 
Tp. 98 N., R. XLVIII, Sec. 11, center. This point is three 
miles east of the river. It gave the following section: 
FEET. 
4. Drift, somewhat oxidized, with gravel. .. .... . ....... 8 
3. Gravels, rusted, but slightly rotted. .. . . . .. . . . . ... .. ... 5 
2. Sand, very fine, unoxidized. . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
1. Clay, drab, without pebbles. . . ...... .... . . .... ........ 6 
The lower clay is homogeneous in texture and uniform in 
color except along joints where it is stained red. Care was 
·Prelim. Rep. on Geol. S. Dak., 189!, Vol. I, p. 111. 
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taken to determine the presence or absence of pebbles. The 
surface was stripped to a depth of eight inches to remove 
material that had fallen from above. In excavating a cubic 
yard every spadeful of clay was minutely examined and not 
one pebble was found. The clay lacks the lamellar structure 
of the upper Benton. The sand is a striking feature of this 
exposure. It is extremely fine and resists erosion, presenting 
the vertical faces so characteristic of the loess. To the 
unaided eye it reveals minute mica scales, while the micro-
scope shows that in the main it is composed of rounded quartz 
fragments. 
In cuttings on either side sands in the same horizon are 
coarser and are everywhere water-bearing. 
The clay probably corresponds to that of the upper members 
of the ]'airview series. Everywhere in Iowa where the upper 
Benton is exposed it is so definitely characterized by the pres-
ence of selenite and its lamellar structure, that the absence 
of these characteristics here makes reasonable the supposi-
tion that the clays are younger than the Cretaceous. 
The sand here exposed seems to be more than a local 
phenomenon. Well drillers report that in the vicinity of 
Inwood, which is two miles east of the exposure in question, 
they frequently encounter quicksand at a depth equivalent to 
that of these sands. At a corresponding level north of Sioux 
City Mr. Bain has found beds of fine sand overlaid with gray 
and yellowish clays with a fE;w pebbles which do not seem to 
be of northern origin. In these sands were found teeth which 
Professor Cope identifies as Equu8 major. Cope assigned the 
. sands to the Pleistocene. 
Very recently in the vicinity of Akron, Professor Todd has 
found elephant bones. These, however, were in the drift. 
It seems safe to infer that the sand and clay in these expo-
sures is younger than the Creta.ceous and older than the drift 
that is common in the vicinity. 
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THE PLEISTOCENE. 
THE LOESS. 
Excepting the areas indicated as having an abnormal topog-
raphy, namely, the four townships forming a square in north-
eastern Lyon county and a narrow strip along the Big Sioux, 
north of Hudson, the entire surface of the region, save the 
lower valleys of streams, is covered with a deposit known as 
loess. In popular language it is called clay or loam, though 
it is generally understood that its description does not fully 
correspond with either. It is light in color, suggesting putty, 
fine grained, so that when dry and rubbed it blows like dust, 
porous as usually found, readily absorbing and holding water. 
When wet it is plastic, yet adhesive, and readily yields to 
the brickmaker's art. It resists erosion and when cut through, 
as in roadmaking, will present a face nearly vertical for years. 
It shows a tendency to crack along definite vertical planes, 
which at times gives rise to a structure roughly columnar. 
It is free from pebbles and bowlders, and in this region they 
will be found on the surface only in lowlands or on hillsides 
where the loess has been washed away. The loess shades 
upward gradually into soil, which is simply the loess with mat-
ter of vegetable origin added. The result is a soil darker 
than loess, but lighter than that derived from drift or allu-
vium. The upper loess of Lyon and Sioux counties is gener-
ally leached, while the lower shows an abundance of lime. 
The lime often manifests itself in the form of concretions or 
, lime-balls, which in size vary from that of a pea to lumps half 
an inch through. When broken open they resemble clay and 
are hollow, with cracks running from the center. They are 
formed by water, bearing mineral matter which it has obtained 
from the loess above. This material forms a coating about a 
nucleus, . and as fresh matter is contributed the concretion 
grows. In regions where the surface loess is unleached there 
is often evidence to prove that erosion · has removed the 
upper portion. The loess that abounds in these counties has 
another characteristic to which attention is called, inasmuch 
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as it helps to distinguish it from other .material which may 
perhaps be called loess, but which differs from the typical 
loess of the region. This characteristic is its mottled appear-
ance, which appears only on close examination. The colors 
present are red and buff, as though in spots more iron were 
present or oxidation had gone farther. Very often, though not 
always, there are black spots which seem to be of vegetable 
QrIgm. At times the loess shows slight lamination, the planes 
being horizontal. No fossils have been found in the loess of 
this region, though they are . frequently associated with it 
elsewhere. In thickness it is variable. On the bluffs three 
miles south of Hawarden it is twenty feet thick. An average 
thickness is six feet. On the hillsides it is . often slightly 
thicker than on the crestis. The line between the loess and 
underlying drift is invariably well defined. The drift and 
FIG. 7. Section In Tp.l00 W., R. XLIV W., Sec, 18, one mile south ot state line, showing 
sharp line between lOElsS and drift. 
stratified material that underlies it always .give the contour 
of the region, and the loess is simply a veneer, never seriously 
affecting the topography. 
THE DRIFT UNDERLYING THE LOESS. 
In Lyon and Sioux counties ddft is everywhere found under-
lying the loess. Well drillings already quoted show that its 
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thickness is about 200 feet. In the loess covered region the 
characteristics of the drift are quite uniform, though this 
drift varies decidedly from that of northeast Lyon county 
where loess is absent. The best opportunity for studying the 
drift is found in the railroad cuttings which are abundant in 
both counties. A typi(!al cutting is given in the accompany- . 
ing sketch. It is found in Tp. 95 N., R. XLV W., Sec. 20, Se. 1, 
on the Sioux City & Northern r.aHroad, two miles south of 
,\: 
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FIG, 8, Typical section through drift and loess in Lyon and Sioux counties, showing 
position of intervening gravel and sand layer, 
Sioux Center. About fifteen feet of drift are found under 
seven feet of loess. The line between the two is distinct. 
Directly under the loess here, as in very many other places, 
there is a layer of gravel varying in thickness from a few 
inches to two feet. In place of gravel, sand is sometimes 
found. Where both sand and gravel are lacking there is 
invariably a line of rock fragments varying in size from pe bb1es 
to bowlders two feet through. I~ may be said without 
exception that on the surface of the drift, fragments of rock 
coarse or fine have accumulated in quantities greater than in 
an equal area of the drift below. In two cases wind-polished 
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bowlders were found resting on the surface of the till and pro-
jecting upward into the loess. These were found in cuttings 
in Tp. 98 N., R. XLVII, Sec. 28, Sw. t and Tp. 100 N., R. 
XLIV, Sec. 18 N e. l-
In other localities similar bowlders were found in like posi-
tions, but their surface characteristics were not definite enough 
to render at all certain the statement that they show the effects 
of wind action. The subsequent decay of the surface of many 
bowlders has obliterated charact,eristics that were once clear. 
In the first case cited a granite bowlder eighteen inches in 
diameter is buried but slightly in the drift and projects into the 
loess more than a foot. The upper side is beautifully polished 
and calls to mind at once the wind polishing on the quartzite 
already referred to. Its surface is covered with indentations 
• 
FIG . 9. Wind pollsbed bowlder resti ng on drift and projecting into loess. The figu re 
sbows nicely t he sbarp line between drift and loess. 
11 G Rep 
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and irregularities and there is no suggestion of planing and 
yet, regardless of the unevenness, it is uniformly polished. It 
is strikingly different from bowlders planed, striated and 
polished by ice. The wind with material that it carries are 
the only agents to which polishing of this sort can be attrib-
uted. The fact that the under surface which rests on the 
drift is unpolished bears out this belief. 
The amount of rotten material that rests on the surface of 
the drift is more abundant proportionately than that scattered 
through it. In the drift bowlders, granite predominates when 
the entire area is considered, but in the western half of both 
counties quartzite is most abundant. In the pebbles there is 
a greater percentage of limestone, perhaps one-fourth of all 
the smaller rock fragments being of this material. Next in 
order of abundance are granites, greenstone and quartzite. 
The pebbles and sand on the. surface of the drift are usually 
badly rusted and stained. 
The upper part of the drift i.s invariably darker than the 
lower, the color shading off gradually through six or seven 
feet. This darker color is due to the oxidizing of the iron in 
the clay. This dark rusty red follows the joints into the 
lighter clay below, extending back from 'the joints about an 
inch on each side. Away from the joints the lower drift is 
but slightly oxidized. The upper drift is not dark enough to 
be called ferretto, and apparently oxidation has not gone as 
far as in the southern part of the state where the very dark 
smface band is deveioped to which this term is applied. The 
drift is nearly everywhere unleached and responds vigorously 
to the acid test. Li.me concretions like those found in the 
loess are common near the surface. 
In the following railroad cuttings loess ,and drift like that 
-described are exposed: 
On the Illinois Centra] : 
Tp. 99 N., R. XLV W., Sec. 10, Se. t . 
Tp. 99 N., R. XLV W., Sec. 14, Se. t. 
Tp. 97 N., R. XLIII W., Sec. 10, Sw. t. 
'l'p. 97 N., R. XLIII W ., Sec. 36, Ne. t. 
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()11 the Chicago, Milwaukee & St. Paul: 
Tp. 97 N., R. XLIII W., Sec. 36, Nw. t. 
Tp. 97 N., R. XLV W ., Sec. 29, center. 
Tp. 97 N., R XLVI W., Sec. 25, center. 
Tp. 97 N., R. XLVI W., Sec. 26, N . t. 
Tp. 98 N ., R. XLVII W., Sec. 28, Sw. t. 
Tp. 98 N., R. XLVIII W., Sec. 11, Se. t. 
On the Burlington, Cedar Rapids & Northern: 
Tp. 100 N., R. XLIX W., Sec. 26, Ne. t . 
Tp. 100 N., R. XLIV W., Sec. 18, Ne. t. 
On Sioux City & Northern: 
Tp. 95 N., R. XLV W., Sec. 5. Sw. t. 
Tp. 97 N., R. X LV W., Secs. Sand 6, aeeries of cuttings. 
On Chicago & North-Western: 
Tp. 94 N., R. XLV W., Sec. 17, Ne. t. 
Tp. 94 N ,R. XLV W., Sec. IS, Ne, t. 
Tp. 94 N., R. XLVIII W ., Sec. 1, center. 
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Well drillers report that large bodies of sand are met with 
in the drift, and all of the wells in the region more than thirty 
feet deep and less than a hundred, end in these sand layers. 
In thickness they vary from six to thirty feet. In some places 
they are dry, but often they yield a considerable supply of 
water, showing that they underlie more than a limited area. 
On the Milwaukee road near the town of Perkins such a layer 
of sand ten feet thick is exposed. The locality is Tp. 97 N., 
R. XLVI, Sec. 25, center. Well drillers also state that the 
yellow bowlder clay persists to a depth of eighty or one hun-
dred feet, and is succeeded by blue clay, which continues until 
the shale is reached. The alternation of blue and yellow clay 
is also reported, but so vaguely that it seems impossible to 
determine what it may signtfy. 
Age of the Drift unde1' the Loe88.-With hardly an exception 
the geologists who h::we studied the drift of Iowa believe that 
the state has been invaded by more than one ice sheet, and 
that there were considerable lapses of time between these 
invasions. One reason for so thinking is the frequent discov-
ery of buried forests and peat beds in the midst of drift. Such 
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discoveries are reported from all parts of the state, one par-
ticularly interesting example occurring in Lyon county. In 
most of these instances log~ and peat are encountered in well 
tligging. These discoveries are altogether too numerous and 
too well authenticated to be disputed, and prove that the ice 
sheet that deposited the lower drift must have retreated at 
least for an interval sufficient to permit vegetation to gain a 
foothold. In the second place buried soils, that is, drift 
mixed with humus, are frequently encountered. The soil 
that has formed on the surface of the latest drift is but twelve 
to fourteen inches thick. Soil lines much thicker buried 
under many feet of drift are frequently enco1;mtered, and the 
inferencA is that a longer ·interval elapsed before the upper 
drift was deposited over this now buried soil than has passed 
since the last drift sheet itself was deposited. Thirdly, where 
old soils are so buried the clay beneath is generally leached. 
The water percolating through the soil near the surface takes 
its lime in solution and deposits it elsewhere. Water has lit-
tle access to deeply buried drift except along sand and gravel 
horizons through which water is flowing. Leaching, there-
fore, generally accompanies other signs of old surfac~ lines. 
The extent of leaching depends not only upon the length of 
time that the drift was on the surface, but also upon the 
amount of water percolating through it. Under certain con-
ditions, therefore, it would be possible to have an unleached 
soil, though it had long been exposed at the surface. A fourth 
proof that former drift surfaces have been covered by subse-
quent drift is found in buried zones of oxidized material. 
Exposed to the ail' the iron, always abundant in clay, is 
changed from the blue ferrous oxide to the red ferric, the 
depth of coloring varying with the degree of exposure. '.rhis 
in turn varies with the nature of exposure and length of time 
that the drift was subject to atmospheric action. The lower 
the drift below the soil line the Jighter the color, till it passes 
from the red through yellow to simple blue clay. Again, in 
connection with other phenomena indicating an old surface 
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line buried by subsequent drift, are proofs that erosion to a 
greater or less extent has modified the former surface. Such 
proofs are found in accumulations of pebbles and bowlders, 
evidently once mixed with the clay, as in drift, but left behind 
while the lighter material was washed away. It is pgssible, 
of course, that such deposits were due to water action con-
temporaneous with the ice sheet, yet when they occur pre-
vailingly over large areas the former explanation often seems 
more reasonable. 
The occurrence of anyone of these phenomena in a given 
region would hardly prove conclusively that there were at 
that point two or more drift deposits. When, however, many 
or all of the phenomena cited occur together as t.hey do 
throughout the state, the proof seems adequate. * Working 
along these lines the geologists of the United States Survey 
and of the states of Iowa and Illinois have determined the 
following drift sheets. 
The Wisconsin, the youngest, overlies the others when 
they occur in the same vicinity. Its topographic features, 
likewise, show that its age is not great. In Iowa it extends 
in a narrow lobe from the nOI:thern boundary of the state as 
far south as Des Moines. Its western border, as will be shown 
later in this report, barely enters northeastern Lyon county. 
In northeastern Iowa there is a drift sheet older than the 
Wisconsin, and in places lying under it, to which the term 
Iowan has been applied. Earlier than the Iowan ice was the 
Illinoian which moved from the northeast and entered Iowa 
for only a few miles beyond its eastern boundary. More 
general than these and earlier was the Kansan ice invasion, 
which covered the entire state and extended on to the south. 
Below the drift that is plainly Kansan, and separated from it 
by gravel beds, in certain localities is found a drift that is 
believed to be pre-Kansan. 
The drift of northwestern Iowa has never been positively 
identified with any of these drift sheets, though it has been 
'See proceedings Iowa Acad. SCience. Vol. V. pp. 64-tOO. 
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thought that more careful study would result in associating It 
with some one of them. One of the reasons for undertaking 
at this time the geological study of Lyon and Sioux counties 
was to obtain, if possible, more light on this problem. 'rhe 
same drift is found to the south under the loess in Plymouth 
and Woodbury counties, while still farther south, in Carroll 
coun ty, the drift was recognized as Kansan. No break or line 
separating this Kansan drift from that of the northwest hav-
ing been found, unless there were other proofs to the contrary 
it. would be natural to regard the drift of the northwest as 
Kansan. The study of Plymouth, Woodbury, Lyon and Sioux 
c~)Unties has brought out certain difficulties in so associating 
it. First, in the Kansan of southern Iowa, oxidation has gone 
farther than in the drift of Lyon and Sioux counties. In 
Appanoose county, for instance, and in Polk county under the 
Wisconsin, the Kansan drift has been so thoroughly oxidized 
that it presents a very dark band four feet thick. To this 
band the term ferretto has been applied. The oxidized zone in 
the drift of the northwest is not as well developed though it 
is sufficient to make a strong contrast with the unoxidized 
Wisconsin. Secondly, the drift of Lyon and Sioux counties is 
practically unleached while the known Kansan farther south 
is almost free from lime for three or four feet below the sur-
face. 
Opposed to these objections are the following considerations: 
First, as already stated, no line of demarkation has as yet 
been found separating the drift recognized as Kansan from 
that of northwestern Iowa. In parts of Carroll county drift 
recognized as Kansan lacks the ferretto zone* and this has 
been accounted for by supposing that erosion has been unu-
sually rapi~ at those points. Toward the north the oxidation 
seems to diminish. There is an interesting cutting 011 the 
Illinois Central railroad half a mile east of Sioux Falls, S. 
Dak., which presents the following section: 
*Iowa Geol. Survey, Vol. IX, p . 87. 
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F EE T. 
5. Sandy loess, in places sand . ............ ... .. .... 1- 3 
4. Drift, unoxidized, with fresh pebbles. . ... . . . .. . . . . . 6- 10 
3. Silt, slate color with shells . . .. . . .. . . . . . . . . . . . . . . .. 3 
2. Gravel, stained, partially decayed .. '. . . . . . . . . . . . . . . 1- 2 
1. Drift with ferretto very distinct . .. . . . .. . . . ... ... . 15 
The oxidation of the lower drift at this point is as great as 
in the typical Kansan. The gravel above it is like that above 
the drift in parts of Lyon and Sioux counties. On the north 
side of the cutting it is nearly two feet thick, while on the 
south side only six inches. It is replaced on the south 
sid~ by 'silt containing many fresh water shells and bones of 
turtles. The shells have been identified by Professor Shimek ' 
as follows: 
1. Planorbis bicarinatus Say. 
2. Planoruis parvus Say. 
3. Physa heterost7'opha Say. 
4. Limnea cape7'ata Say. 
5. Valvata tricarinata Say. 
6.. Sphae7'ium su/catum Prime. 
7. P.isidium compressum P rime. 
S. Vallonia costata Ster. 
"Of these, one to four are Pulmonates, five is a gill bearer 
(Prosobrancb), six and seven are bivalves, and eight is terres-
trial. The set one to seven can be duplicated in most of our 
northwestern ponds with muddy bottoms. Eight is terres-
trial, but grows sometimes near the edges of ponds and is 
common along streams. There is one specimen of this."* 
The overlying drift is light colored, unleached and carries 
fresh rock fragments . It, in general, resembles the Wisconsin 
of other localities. 
Similar exposures are found in the northern part of the town 
of Sioux Falls, at several points near the brewery on Main 
street. The beds are on about the same level as those east of 
town. The drift below the silt at these points shows no 
ferretto, and oxidation has gone about as far as in the drift of 
Lyon and Sioux counties. The extreme oxidation seen east of 
Sioux Falls seems to be quite local. 
*Proceedlags Iowa Acad. Sciences, Vol. VI , p. 125. 
, 
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In other respects the exposures a,re practically the same. 
These points were visited by Salisbury, Bain, Leveret(and 
Todd, and the lower drift pronounced Kansan. The question 
remained whether the upper or lower drift was to be corre-
lated with that of northwest Iowa. The resemblance of the 
overlying drift to the Wisconsin has impressed all those who 
FIG 10. Exposure east of Sioux Falls. S. Dale, showing Kansan drltt under Buchanan 
gravels. and these in turn under Wisconsin drift. (After Todd.) 
have seen these exposures. C~nspicuous kames of Wisconsin 
material in the vicinity, two miles south of the falls on the 
south side of the river, have been Doted by a number of 
observers. The study of the Wisconsin moraine in connection 
with this report ha,s made plain that the exposure on the Illi-
nois Central east of Sioux Falls is on the edge of the moraine, 
and that the loam and sand associated with it are to be 
referred to the Wisconsin. Similar deposits of sandy loess 
were found associated with the Wisconsin moraine in other 
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localities. There seems to be very good reason, therefore, 
for associating the lower drift at Sioux Falls, which is 
regarded as Ka,nsan, with the drift of northwestern Iowa, for 
the older drift in northwestern Iowa in all probability corre-
sponds to one· of the two drifts in the Sioux Fa.lls exposure. 
It is of course possible that the Lyon county drift is not to be 
associated with either of the drifts at Sioux Falls, but the dis-
tance between the localities is so short that the Lyon county 
drift can hardlJ:" be considered a third deposit. The drift in 
northwestern Iowa is plainly not Wisconsin, therefore if it 
coincides with either of the drift i:lheets exposed at Sioux Falls 
it must be with the lower or Kansan. 
Topographically the Kansan drift of southern Iowa has 
been regarded as older than that of Lyon and Sioux counties. 
The high gradients of the streams already cited is i1J.dicative 
of youth. Yet streams of similar size flowing over undoubted 
Kansan drift have as great a fall. English river in Washing-
ton county descends 3.0 feet per mile, while Skunk river, in 
the same county, falls 2.75 feet in each mile. Iowa river, at 
Iowa City, Johnson county, has a slope of 3.5 per mile, while 
its tributary, Old Man creek, has a gradient of 5 feet per 
mile. 
In many places the gravel that so generally lies on the drift 
just beneath the loess ' in Lyon and Sioux counties suggests a 
similar zone found elsewhere above the Kansan. These 
gravels are so prevalent above the Kansan that they have 
been given a distinct name from the locality where they were 
first carefully studied, Buchanan county. Professor Calvin, 
in describing the Buchanan gravels, calls attention to the fol-
lowing characteristics. The material has been derived chiefly 
from northern sources, though fragments of fossiliferous 
limestone that have not been transported for any considerable 
distance are not rare. Similar rock fragments' are commonly 
disseminated through the Kansan. A large proportion is dark-
colored greenstone, with a high percentage of the individual 
• 
• 
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frag'ments planed and scored. Certain granites and represent-
atives of other rock species are completely decayed, so that 
blocks a foot in diameter fall to pieces under a single blow of 
the hammer. The gravel is exceedingly ferruginous in places 
and is everywhere much stained and weathered, particularly 
near the top of the deposit, the weat~ered portion taking on 
a characteristic reddish-brown color. These characteristics 
are often found in the gravels overlying the drift of Lyon a.nd 
Sioux counties. In these counties there is a high percentage 
of quartzite present, which would be expected when the nea.r-
ness of the quartzite exposures, is taken into account. 
On the west bank of the Big Sioux near Canton and on the 
east bank near Klondike there are exposures of gravel which, 
except for the added element of quartzite, correspond in com-. 
position and structure in every way to the description quoted 
above. A finely developed Wisconsin gravel train follows the 
Big Sioux, whose fresh gravels are in marked contrast to the 
rusted and decayed material in the two localities mentioned. 
On account of these contrasts it is impossible to associate the 
gravels at these points with the Wisconsin train, though 
their position would not necessarily exclude them. They are 
probably relics of a former train, dating back to the time when 
the Buchanan gravels elsewhere were being deposited along 
the edge of the retreating Kansan ice. Their position favors 
this belief, though not compelling it, for they lie slightly 
above the level of the Wisconsin gravels, relics of a former 
terrace. On the Illinois Central in Tp. 99 N., R. XLV, Sec. 
]0, Se. i, near Edna, similar gravels are exposed. While there 
is a gravel horizon almost invariably above the drift the age 
of the material at many points does not seem as great as at 
the points noted. This raises the question whether the 
gravels are not of different age and origin, the older beds being 
Buchanan gravels and the younger a residual deposit belong-
ing to the interval following the Kansan ice, called by Leverett 
the Yarmouth. The Buchanan gravels as intrepreted by 
Calvin are a definite outwash of the Kansan ice, and as the 
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ice retreated gradually the deposits of glacial floods would be 
found not along the limits of the Kansan drift but on its sur-
face. The cross-bedding of the Buchanan gravels suggest 
such an origin. If the Kansan drift was long exposed as sur-
face soil, gradual erosion 01 the lighter material would leave 
on its surface the gravel and bowlders that were once mingled 
with the clay. Such gravels would represent the Yarmouth 
interval. Most of the gravels on the drift of Lyon and Sioux 
seem to belong to this latter class. 
The study of Lyon and Sioux counties, then, furnishes the 
following suggestive points with reference to the age of the 
drift in the northwestern part of the state. (1). The slope 
of the streams is no greater than that of like streams on undis-
puted Kansan. (2). Oxidation in places has been carried as 
far as in Kansan. (3). Gravels are present at various points 
above the drift like the Buchanan gravels above the Kansan. 
On the other hand, most of the drift, while oxidized to a cer-
tain degree, seems fresher than the Kansan where it is typi-
cally developed. Secondly, the drift is generally unleached, 
while the lime has been removed from the upper part of the 
Kansan. From this it does not necessarily follow that the 
drift is young. The amount of leaching is determined in part 
by the quantity of water that circulates through the lime-
bearing stratum, and if the surface of a given region is rela-
tively low so that there is little or no tendency for water to 
penetrate the soil, long lapses of time may result in very lit-
tle leaching. On the other hand, if the gradients were h~gh, 
surface drainage would be increased and little water would 
penetrate the drift. This also would account for absence of 
leaching. Leaching goes on most rapidly where slopes are 
moderate. High gradients also result in rapid erosion, and 
for this reason Mr. Bain, in Carroll county, accounts for the 
absence of ferretto and leaching in certain parts of the Kan-
san drift. The amount of rainfall* in the northwestern part 
of the state is less than that farther south, amounting to 
*Iowa. Geol. Survey. Vol. I X. p . &7. 
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twenty-two inches, as compared with twenty-five to thirty-
two in the southeastt. The rainfall is confined more to cer-
tain seasons and is more abundant in limited periods. This also 
would help to explain the unleached drift. 
It is possible to correlate the drift with the Iowan of the 
eastern part of the state, which it resembles somewhat in its 
limited oxidation and leaching. The loess has often been 
regarded as related with the Iowan drift, something after the 
manner of an outwash. If this is true the drift beneath it 
could not be Iowan, for the underlying drift shows that a con-
siderable interval elapsed before the loess was deposited. In 
a later paragraph on the origin of the loess, reasons for ques-
tioning whether the loess is a water deposit are advanced. 
It is, therefore, doubtful, whether any argument in regard to 
the age of the loess-covered drift, can be made from strati-
graphic relationship. 
Topographically the drift is, perhaps, more closely related 
to the Iowan. The valleys are not as extensive as those on 
the Kansan drift in the southern part of the state. It is clearly 
distinguished from the typical Wisconsin, however, by the 
completeness of its drainage. The average rainfall of Lyon 
county is eight inches less than that of southern Iowa. This 
fact permits the drift of Lyon county to be Kansan, even 
though its topographic features are not so fully developed as 
might be expected from study of the same drift. in other 
regions. 
Considering everything, it seems safer to consider the loess-
covered drift of Lyon and Sioux counties as Kansan until 
something is found in the way of a southern boundary to dis-
tinguish it from th~ recognized Kansan farther south. 
THE ALTAMONT MORAINE. 
The topographic features of northeast Lyon county have 
already been described, and from the ridges and hummocks 
that characterize the region it will readily be put down as 
morainic. This inference from topography is borne out by 
tReport Iow~ Weather and Orop Service, 1894, p. 52. 
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the nature of the hummocks, since they are for the most part 
composed of gravel. The accompanying sketch from photo-
graph, taken in Tp. 100 N., R. XLIII W., Sec. 23, Se. t, just 
north of the town of Li.ttle Rock, shows a morainic knob on 
the very top of which is a gr~vel pit. The limits of the 
moraine are best shown by the accompanying map of the 
Pleistocene. There is no loess covering the morainic area 
FIG.11. Morainic knob near Little Rock, Lyon county. 
and surface bowlders are common. The material of the 
moraine is fresher than that which underlies the loess. Its color 
is yellow and it is but slightly oxidized. It often con,tains 
rock fragments, but they are as abundant in the lower part 
of the drHt as near the surface. It is invariably unleached. 
The outer ridge of the moraine, from Lyon county, trends to 
the northwest, and on it is located ' the town of Adrian, 
Minn. In Lyon county all of the region not loess-covered 
is morainic, and to determine what lies within the moraine 
it is necessary to go north into. Minnesota. ' Going east 
from Adrian the moraine is found to be three miles wide. 
It gives place to level country with graduall'y increasing 
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el~vation till the surface is raised 100 feet above Adrian. . On 
this elevated ground the town of Rushmore is located. Three 
miles east of Rushmore is the moraine of the Coteau des 
Prairies. The characteristics of this moraine are in the main 
those of the outer moraine already described. In each case 
the hummocks that so definitely mark a region as morainic 
are abundant in certain localities and almost wholly absent in 
others. When Upham described Murray and Nobles counties 
in Minnesot.a, which lie directly north of Lyon county and into 
which the Altamont moraine-as the outer moraine of the 
Wisconsin is called-and the Coteau des Prairies extend, the 
Altamont moraine was not recognized, though attention was 
called to the rolling till outside of the moraine of the Coteau. 
His description in this connection is interesting. * "Here and 
northerly into Murray county this most prominently rolling-
\1nd highest part of the Coteau des Prairies in this latitude 
forms the watershed between the basins of the Mississippi 
and Missouri rivers. Its connection with the roughly hilly 
and knolly outer terminal moraine traced from central Iowa 
northward to Spirit Lake and thence westerly to Ocheye-
dan mound south of this county, and still more prominently 
exhibited along the crest of the Coteau des Prairies in western 
Nobles county, and thence northwesterly to the head of the 
Coteau, shows that the border of the ice in the last glacial 
epoch extended to this belt of massively rolling till; but though 
it thus represents the outer moraIne of that epoch, it nowhere 
in Nobles county has such roughly broken knolls and small, 
short, steep ridges as are common along nearly all of the rest 
of this morainic line. Fa1'the1' westwa1'd the sU1iace of Nobles 
county is in swells of till which t1'ends mostly from north to south, 
more massive and smoothe1' than those which f01'm the outer term-
inal momine and of about the same elevation; 01' in nea'rly level 
equally hiqh plateaus of till, as at Rushmore, ten miles west of 
W01'thinqton." The italics are ours. The till outside of the 
Cotean des Prairies in Lyon county is more typically morainic 
"Geol. and Nat. Blst. Survey, Minn., Vol. I . p . ~20. 
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than that described by Upham in Nobles county. But, taking 
his description for the region outside the Coteau, with the added 
light given by study of the relative oxidation of the drifts of 
the region, and our presen t understanding of the loess, we 
would be justified in expecting a moraine on the outer edge of 
the non-loess-covered drift west of the Coteau. 
Outside of the Altamont moraine in Lyon county and fol-
, lowing its course is the level belt spoken of in connection with 
the topography of this part of the county. This belt averages 
four miles in width. It persists as a border for the moraine 
into Minnesota and into Osceola county, Iowa. In Nobles 
county, Minn., Upham thus describes it.* "The only note-
worthy deposit of this kind (modified drift) is that found in 
Grand Prairie, the most southwest township in Nobles county . 
. Here a plain composed of stratified gravel and sand, but 
covered with a fertile soil, reaches six miles east from Kanar-
anzi cr.eek, with a width of about four miles, including the 
southern two-thirds of this township." The thickness of this 
gravel as shown by well borings at Ellsworth, Minn., is six 
feet. In Lyon county exposures of this water-laid gravel may 
be found in Tp. 100 N., R. XLIV, Sec. 36, Se. t, in a sand pit 
near the roadside; in Tp. 100 N., R. XLIV, Sec. 14, Sw. t on 
the banks of Tom creek, and cellars at the following points: 
Tp. 99 N., R. XLIV W., Sec. 1, Ne. t. 
Tp. 100 N., R. XLIV W., Sec. 25, Sw. t. 
Tp. 99 N ., R. XLIII W., Sec. 4, Se. t. 
In Iowa as noted by Upham for Minnesota, the sand and 
~:r<1vel of this strip are covered with a fertile soil. This soil 
is akin to loess but more sandy. It does not have the mottled 
appearance noted in the loess that is common to Lyon and 
Sioux counties, and Upham for Nobles county, Minn., excludes 
the region from the loess-covered area. t The nature of this 
soil is' variable, at times closely resembling loess in texture, 
while in the immediate neighborhood it appears as moderately 
coarse sand. In two instances this sandy loam appears at 
0Geol. and Nat. Hlst. Survey, Minn., Vol. I, p. 527. 
tGeol. and Nat.. Hlst. Survey, Minn., Va!. I, p. 526. 
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some distance from the moraine on the banks of streams over 
gravel which appears to be of Wisconsin age. The first is in 
southeast Lyon county on the banks of Otter creek in Tp. 08 
N. , R. XLIII W., Sec. 32, Se. 1; the second is on the banks of 
the East Floyd just west of Hosper in Tp. 95N., R. XLIII W., 
Sec. 10, Nw. i . The more conspicuous . gravel trains of the 
Wisconsin are covered with alluvium which does not so closely 
resemble loess. In a railroad cutting on the Burlington, 
Cedar Rapids & Northern, in Tp. 100 N., R. XLVW., Sec. 23, 
Se. t , typical loess mottled, having the black specks spoken of, 
is found under threR feet of this sand and loam. This cutting 
is shown in the photograph. 
FIG. 12. Sandy loess and sand, overlying typical loess in Lyon county. 
The difference in color between the two deposits is in part 
due to the fact that the loess below holds the moisture longer 
than the more sandy material above. Similar conditions 
are shown in a road cutting three miles northwest of Rock 
Rapids in Tp. lOON., R. XLVW., Sec. 22, Sw. t . Here, how-
THE ALTAMONT MORAINE. 137 
ever, the loess-like material above the true loess contains 
coarser matter,' not infrequently rock fragments a fifth of an 
inch in diameter being found. This cutting is on the banks 
of Kanaranzi creek. 
The evidence seems sufficient to prove that the gravel area 
is a real outwash from the Wisconsin, and it is probable that 
the loess-loam above it had a similar origin. It is much easier 
to thjnk of this deposit which covers a limited area and is 
directly associated with other water deposits as a phase of the 
outwash, than it is to conceive of the normal loess as due to 
the agency of water. 
Altamont Moraine in Westem Lyon Cou.nty.-Lyon and Sioux 
counties lie between two lobes of the Wisconsin drift. A por-
tion of the eastern lobe is found in northeast Lyon county. 
The western lobe is found in Dakota, its western boundary 
consisting of a moraine which follows the Missouri river as 
far south as Vermillion. It then bends north and east to 
Canton. In this connection Todd writes: "There comes a 
gap between Vermillion river and Brule creek, probably caused 
by a narrow ice' lobe. The moraine extends along Brule 
creek northward to Beresford and on to a high point south of 
Canton. It is then feebly developed or entirely absent from 
that point to the west side of the Big Sioux opposite the north-
west corner of Iowa. There it forms a ridge running west-
ward to the East Vermillion river.' '·X· The study of Lyon and 
Sioux counties leads to a partial restatement of the nature of 
the moraine along the Big Sioux. Instead of being absent 
from Canton to the northwest corner of Iowa, data will be 
brought forward to show that at one point at least it is found 
just east of the Big Sioux river, and that instead of running 
west from northwest Iowa as a ridge to the East Vermillion 
river it extends northwest to Sioux Falls, then across the river 
just northeast of that town, and continues almost due nOTth 
on the east side of the river. If these points are satisfactorily 
demonstrated it will be impossible to account for the great 
*Prel1m. Report on Geol., S . Dak., 1894, p. 115 . 
12 G Rep 
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bend in the Big Sioux at Sioux Falls as deflection caused by 
the moraine, and a cause antedating the moraine must be 
ascribed. 
The most conspicuous topographic feature along the Big 
Sioux is the difference in elevation between its east and west 
banks. From Canton to Granite the bluffs on the Iowa side 
are 150 feet ' above those on the Dakota side. The drift on the 
Dakota side has the characteristics of the Wisconsin and has 
been so regarded. The drift on the east side is that which in 
this report is regarded as Kansan. The only available 
explanation for this difference in elevation is found i.n suppos-
ing that at this point the Wisconsin ice removed more material 
than it deposited as ground moraine. The older drift so · 
removed, however, must have been deposited at the edge of 
the ice as terminal moraine or carried away by stream action 
as fast as brought by the ice. Precisely at the points where 
a very strong moraine would be expected it is weak or lacking 
altogether. Well drillings at Hudson, in the valley of the Big 
Sioux, show that the valley of the stream at that point is cut 
deep in the Benton shale and is partly filled with drift. The 
valley of the Missouri at Sioux City is filled with drift to a 
very great depth. A gravel train of unusual size attends the 
Big Sioux from northwest Iowa to Sioux City. These facts 
lead to the belief that the material that would otherwise 
remain as a moraine at the eastern edge of the Dakota lobe 
has been removed oy the river that ran along its edge, and 
deposited in . these valleys. Certain facts lead to the 
belief that remnants of the moraine are still to be found on 
the Iowa side for ten miles south of the state line, and then on 
the Dakota side. 
In the northwestern corner of Lyon county, west of the 
town of Granite, in Tp. 100 N., R. XLIX W., Secs. 25 and 26, 
the Big Sioux flows through a narrow gorge in no way com-
mensurate with the valley above or below. Looking down the 
river from the vicinity of Rowena, S. Dak., one would hardly 
suspect that the river flowed through the narrow pass to the 
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right, but would think that it turned to the left and followed 
the broader valley of Blood Run creek. Reference to the 
accompanying topographic m:1p gives the same impression. 
On the west side of this gorge is a knob that is a conspicuous 
feature of the landscape and shows plainly on the topographic 
map. This is the end of the morainic ridge recognized by the 
South Dakota Survey. On the east side of the river at this 
point there is a most interesting cutting on the Burlington, 
Cedar Rapids and Northern railroad. It is shown in part in 
the accompanying photograph. Beneath a younger drift is 
FlO. 13. Railroad cuttl~g west or Granite, showing Wisconsin moraine over older drltt. 
the older characteristic drift of Lyon county. The surface of 
the older drift is uneven, having evidently been exposed to 
erosion for a long time before the younger drift was deposited. 
The upper drift completely fills the hollows in the older, and 
caps the crests. The line between the two is very sharp. 
r 
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The upper drift abounds in huge bowlders, many of them of fos-
siliferous limestone. A brachiopod, Orthis ,testudinm'ia is 
abundant in these limestone blocks. The surface at this 
point is dotted with gravel knolls, from five to ten feet high 
and varying in diameter from twenty to fifty feet. They are 
irregularly distributed and are hard to account for unless a 
morainic origin is ascribed to them. Traces of flint implements 
find shells are not sufficiently abundant even to suggest for the 
mounds an artificial origin, and the hummocks are too numer-
ous and too limited to this area to be regarded as freaks of 
erosion. Evidently the ice crossed the river at this point and 
this is a part of the moraine. Following the·east bank of the 
river still farther south other proofs that the ice reached the 
Iowa side appear. The drift is fresher looking thari that out-
side the Wisconsin. This is true, however, only for a strip 
not more than two miles wide along the river. The moraine 
that crosses the river at Granite as a distinct ridge does not 
long so continue, and if farther south it ever was in the form 
of a ridge, its definite form has been broken down by erosion. 
, Two miles south of Granite and a mile east of the river, by 
the roadside, the older dt'ift is exposed under loess and above 
the loess is a thin layer of drift. For a considerable distance, 
on a line a mile east and parallel with the river, bowlders are 
common on the surface of the loess. These bowlders and the 
drift spoken of .as at one place overlying the loess may 
represent remnants of the moraine. It is possible, though 
hardly probable, that they are but a part of the older drift 
washed down on the loess from greater elevations. 
The valley of the Big Sioux from Granite to Canton is nar-
row as compared with the valley above at East Sioux Falls or 
below at Hawarden, at which points it does not appear to have 
been interfered with by the Wisconsin ice. The only explana-
tion that offers itself is that it was in part filled by morainic 
material. 
Three miles northeast of Canton distinct morainic signs are 
found west of the river. Here a knob 140 feet high and a mile 
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long is conspicuous from every point for miles around. At 
the northeast corner of the town of Canton there is a similar 
gravel mound sixty feet high, on which the water tower stands. 
Both of these mounds are brought out plainly on the topo-
graphic map. 
From the point where the moraine crosses the river, west of 
Granite, to Sioux Falls it is easily traced as a well defined, 
bowlder-strewn ridge. It passes east of Sioux Falls and 
crosses the river two miles northeast of the town. At the 
point of crossing several well-defined kames were developed. 
Thence for ten miles it was traced nearly due north. 
While the ice blocked the valley of the Big Sioux west of 
Granite the water normally drawn off by thi~ stream must 
have been thrown over into tributaries of Rock river, and 
particularly into Mud creek. The natural outlet toward the 
east was the valley of Blood Run creek and this fact would 
account for the great quantities of gravel, sufficient almost to 
be considered a gravel train, along the banks of this creek. 
Typical exposures of these gravels are found in Tp. 100 N., 
R. XLVIII W., Sec. 16, center, in cuttings on the Burlington, 
Cedar Rapids & Northern railroad. In any other way it is 
difficult to account for these gravels, for they are too abun-
dant to be regarded as residuum from the wash of the slope, 
and the sources of the streams are not near the moraine. 
Topographic maps of northwest Lyon county, and Rock 
county, Minn., in which both Blood Run and Mud creeks have 
their sources, show that such a diversion of the waters of the 
Big Sioux would follow if the glacial dam increased the height 
of the water 100 feet . . Back of the dam there must have been 
a temporary lake. Perhaps this lake was responsible for the 
silt found in the vicinit.Y of Sioux Falls. A subsequent slightly 
greater advance of the ice would cover it with the Wisconsin 
drift, leaving it as now found. 
Wisconsin Gra vel Tel'l'aces .-Attention has been called to the 
unusual quantity of gravel pr'esent as outwash along the Alta-
mont moraine in northeastern Lyon county. Where streams 
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already existed the water that issued from the ice flooded the 
banks and the current was strong enough to carry rounded 
rock fragments, two inches in diameter and under, long dis-
tances. The rivers so flooded were the Big Sioux, and Rock 
river with its tributaries in Lyon county. Throughout its 
entire course between South Dakota and Iowa the Big Sioux 
ran along the edge of the moraine and while the Wisconsin 
ice lasted must have discharged vast quantities of water into 
the Missouri. If the two lobes of the ice were synchronous 
it is possible that the interlobate position of this region 
accounts for the abundance of the outwash gravels. The 
gravel train in the older portion of the Big Sioux valley is a 
mile and a balf wide. The present flood plain lies below the 
gravel terrace about ten feet and is relatively insignificant, 
averaging perhaps a fifth a mile in width. At Fairview, eight 
miles south of Canton, the Chicago, Milwakee & St. Paul rail-
road bas taken a great deal of gravel from tbis terrace for 
ballast. In thi,s pit bowlders are present in great numbers. 
In other localities where the Wisconsin gravel terraces bave 
been exposed by cuttings, tbe material of wbich tbey are com-
posed is shown to be very uniform in size and bowlders are 
rare. Bowlders in this pit are often two feet in diameter and 
may bave come from the Wisconsin moraine, which is eigbt 
miles away. Taken in connection with facts which will be 
considered in a paragraph on the pre-Wisconsin course of the 
Big Sioux, it seems more probable that they were washed out 
of the Kansan drift, through which the stream was cutting 
w hen the gravel terrace was formed. In Tp. 100 N., R. XLIX 
W., Sec. 25, Nw. t, a mile west of Granite, the Burlington, 
Cedar Rapids & Northern basa gravel pit from which a limited 
amount of material has been taken. The Rock river touches 
the Wisconsin moraine in Minnesota, and its branches, the 
East Rock · and Tom creek, drain portions of the outwash 
region in eastern Lyon county and western Osceola. The 
gravel terraces on the Rock river and its main tributary, the 
East Rock, are half a mile wide in Lyon county, while in Sioux 
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county the terrace of the Rock river is even wider, the two 
streams having united above. Extensive gravel pits in the 
Rock river terrace have been developed by the Chicago, Mil-
waukee & St. Paul, on the west bank of the river at Rock 
Valley, and by the Sioux City & Northern at Doon. The 
-gravel is finer than in the Big Sioux terrace, and more evenly 
sorted. Abundant examples of oblique lamination occur in 
these pits. 
Pre- Wisconsin Cour'se of the B iq Sioux.-In a single glance 
at the course of the Big Sioux as shown on the map the 
attention is caught by the peculiar bend near Sioux Falls. 
After flowing south to this point, the river turns abruptly to 
the northeast, holds this course for eight miles, and then as 
suddenly resumes its course to the south. The morainic ridge 
east of Sioux Falls at once suggests that the stream was 
deflected by the Wisconsin ice and the material that accumu-
lated along its face. The map shows that at the point where 
the river again turns to the south it is joined by Split Rock 
creek, a stream of some importance. The first inference 
would be that the Big Sioux, when diverted from its normal 
course by the ice, was thrown over into the valley of Split 
Rock. This attractive hypothesis, however, is not sustained 
by a more careful study of the region. In the first place, the 
Big Sioux was not deflected by the moraine, but cuts through 
it, east of Sioux Falls. North of this point it flows along the 
inner edge of the moraine, while to the south it follows the 
outer edge for some distance, with the exception noted near 
Granite. The valley of the Big Sioux at the "big bend" is 
too large to have been wholly developed since Wisconsin 
times. In importance it is equal to that of Split Rock creek, 
which this hypothesis would regard as the older. It is 
true that the Big Sioux at present has the greater volume and 
so, though younger, might have the larger valley, yet it seems 
hardly possible that so large a valley can be younger than the 
last ice sheet. Until evidence to the contrary is presented it 
is easier to believe that the stream at the bend flows through 
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a pre-Wisconsin valley which was not wholly obliterated by 
the Wisconsin ice. 
The valley at East Sioux Falls is more mature than at any 
point for some distance above or below. It is outside of the 
Wisconsin moraine, which here lies two miles to the west. 
Near the state line the moraine crosses the river, producing 
the gap mentioned. From this point south to Canton the 
valley has been partly filled in by morainic material. 
On the course of the stream between Canton and Hudson 
the United States topographic map of the Canton quadrangle 
throws much light. The difference in the amount of erosion 
on the two drift areas makes it easy wi~h the map to draw the 
line between them. It is clear that near Canton the stream 
leaves the margin of the Wisconsin moraine and flows through 
FIG . H. Sket ch 01 valJey of the BIg Sioux at Fairview. 
the older drift. This portion of the valley is narrow, as thk 
accompanying sketch made at Fairview shows, its slopes 
abrupt, and not covered with loess, but instead abundantly 
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bowlder strewn. Tributaries to the stream during this por-
tion of its course are insignificant. The inference is that the 
stream which above followed the edge of the Wiscr>nsin 
moraine, here, while the ice sheet still remained, found a new 
course across the older drift, probably following the course 
of some tributary of the Rock river till it united with that 
stream. '.rhis last inference is made necessary by the fact 
that the valley at Hudson is deep, cutting down through the 
Benton shale more than 100 feet, and now partly filled with 
drift. Below the point where the Big Sioux and Rock rivers 
unite, tpe valley is two miles wide and loess often covers the 
slopes to the gravel terrace, leaving no doubt th~t it is pre-
Wisconsin. 'l1his valley is too large to be ascribed to the Rock 
river before the waters of the Big Sioux were added to it, or 
even to the work of these two after they united, and ' an 
explanation must be found in the belief that the tributary 
which here united with the Rock river, whose cour!?e was later 
appropriated by the Big Sio'ux, was a stream of some impor-
tance" yet small enough to necessitate the reworking and 
enlarging of its channel when its waters were augmented by 
those of the deflected stream. 
ORIGIN OF THE LOESS. 
The study of Lyon and Sioux counties adds something to the 
theories regarding the origin of the loess. The presence of 
the wind-polished bowlders already described, ill the surface 
of the drift and projecting into the loess, favors the belief 
that the loess at least in many places is a wind deposit. Prob-
ably the weightiest argument in favor of the loess as a wind 
deposit is made by Professor Shimek, based on the fossils of 
the loess. He finds that the great majority of the loess fossils 
are shells of terrestrial species and he is able in many instances 
to duplicate the fauna of the loess with material now found 
living on the surface of the same region. "If the molluscs of 
the loess be used as an absolute measure of the amount of 
moisture occurring during loess times," he says, "then we 
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must conclude that Iowa was without streams, for practically 
no fluviatile molluscs occur in the loess, and that there were 
but few ponds in which aquatic molluscs found a favorable 
habitat. *" He adds thatt " this, however, does not prove that 
the loess regions were entirely devoid of lakes and streams, 
but rather that the loess proper was deposited chiefly upon 
high grounds." A sheet deposit like loess occurs for wind-
blown material if the area is evenly grass covered, while ridges 
result if the vegetation IS in patches. The black specks· of 
vegetable matter scattered through the loess of Lyon and 
Sioux suggest that there was a uniform grass covering which 
caught and held the fine dust particles. If the loess is an 
eolian deposit differences in behavior of the material may be 
expected and along streams where trees abounded ridges may 
be looked for, while in a prairie region an even mantle is the 
logical result. 
U dden's:!: careful discussion of the mech.anical composition 
of wind deposits, is of interest in connection with the loess. 
His table of approximate maximum distances over which 
quartz fragments of different dimensions may be carried by 
.the wind is given below: 
(1 ) Gravel (diameter from 8 to 1 mm.) a few feet . 
(2) Coarse and medium sand (diameter 1 to t mm.) several rods. 
(3) Fine sand (diameter t to t mm.) less than a mile. 
(4) Very fine sand (diameter t to 1·16 mm) a few miles. 
(5) Coarse dust (1-6 to 1-32 mm.) 200 miles. 
(6) Medium dust (1-32 to 1·6! mm.) 1,000 miles. 
(1) Fine dust (1-64 mm. and less) around the globe. 
These figures of U dden are based on careful experiments 
and long continued observation. From them he deduces the 
statement that "different grades of material are so far 
separated from each other in the direction of the wind move-
ment that even with considerable change in velocity the prin-
cipal area of the deposition of sediments of one grade will not 
far encroach on that of the deposition of materials much 
·Proc. Iowa Acad. Sci. , Vol. VI, p . lea. 
tl. c. p. 109. 
;The Mechanical Oomposltion or Wind Deposits, Lutherlan Augustana Book Ooncern. 
Rock Island. Ill. 
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coarser or finer." He points out the fact that the western 
plains and the Mississippi valley sustain the windward-lee-
ward relation to each other, and that dust stirred up on the 
plains must be carried east by prevailing winds, and that part 
of it without doubt settles over the great central valley.. The 
loess whkh is spread over most of the surface of this valley 
resembles atmospheric sediment in mechanical composition. 
That loess is certainly a wind deposit he does not affirm, yet 
he makes clear that the arguments against the eolian origin 
of loess based on the facts that it is uniform in texture and 
unstratified are in large measure invalid. 
Opposed to these facts , is the statement of the Minnesota 
geologists that the loess seems to be practically limited by the 
1500-foot contour. If this is true it would not necessarily 
force the conclusion that the loess is a water deposit though 
the fact would be most readily so explained. It would not be 
wise at present to venture an assertion in regard to the origin 
of the loess, but much of the evidence that has recently been 
collected bearing on this question, favors its eolian origin. 
ECONOMIC PRODUCTS. 
BUILDING STONE. 
The Qua1'tzite.-The supply of suitable building material is a 
matter of great importance to the many growing towns in 
Lyon and Sioux counties. Where elegance and permanence 
are desired the Sioux quartzite supplies the demand. The 
stone is of great value for building purposes, for paving and 
for curbing. Its value for paving is due to the ease with 
which it is shaped into square or rectangular blocks of con-
venient size, and to its hardness, which renders it almost 
indestructible even under the heavy traffic of the busiest por-
tions of our great cities. It is not practical to reduce the 
face of quartzite pavers to the smoothness of vitrified brick, 
and this fact, taken with the greater expense of the quartzite 
blocks, renders impossible competition between these two 
kinds of paving material. Vitrified brick are rapidly and 
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rightly increasing in favor, yet there will always remain a 
steady demand for quartzite pavers for streets where truck-
age is heavy and constant. As building material it is often 
used in the rough in the vicinity of the quarries. Much of it 
is dressed, however, and in nearly every town in the two 
counties there are business blocks and churches built wholly 
or in part of quartzite, while a greater quantity is used for 
trimmings in brick buildings. Freight rates greatly restrict 
the use of the stone, but it is shipped in limited quantities as 
FIG . 15 . Dam on the liig Sioux at H awarden . E~sjgn & Gordon's mill. 
far as Chicago. Within this radius the quantity used increases 
as the source of supply is approached. Most of the quarries 
now operated are located in Minnesota and South Dakota. 
Imperfect railroad facilities are all that prevent Iowa from 
entering this market with her sister states. The stone in 
Iowa is in every way suitable for the purposes mentioned and 
an abundance of it is exposed on the surface. The outcrops 
in Iowa, however, are removed two miles from any railroad. 
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The Illinois Central and the Burlington,Cedar Rapids. & 
Northern run at equal distances from the Iowa exposures, the 
first to the north, the second to the south. In view of the 
fact that vast· quantities of the stone have direct access to 
the railroad not five miles away at East Sioux Falls and 
Rowena, S. Dakota, it does not seem practical at present to 
attempt an extensive development of the quartzite in Iowa. 
CLAYS. 
While the Sioux quartzite to a limited extent supplies the 
demand for building material there is an increasing demand 
for good brick in both counties. Very few are at present pro-
duced in either county, regardless of the fact that on account 
of freight rates from Le Mars and Sioux City, the nearest 
important producing points, they sell at from seven to eight 
dollars a tl;lOusand. T4is condition is not due to lack of -suit-
able material, nor wholly to lack of effort to utilize the mate-
rial, but rather to peculiar conditions in connection with the 
management and operation of the 'various brick plants that 
have from time to time been established. 
Over the greater part of both counties the loess is from two 
to ten feet thick and in many places is available for brick. 
The presence of lime concretions is sometimes considered a -
hindrance, but in many localities concretions are not abundant, 
and even when present in numbers they do no harm if the 
material is thoroughly ground. At Sioux City loess having 
the same characteristics is successfully worked. 
The earliest attempt at brick making in these counties 
seems to have been at Elm Springs in northwest Sioux county. 
A bout fifteen years ago two or three kilns were burned at 
this point. The material used was glacial clay and the fuel 
was wood. The product, as might be expected, was not 
uniform and the manner of production laborious and expensive. 
At Orange City the plant of the Orange City Brick company 
began operations i.n 1895 and ran only one year. An updraft 
kiln was used and 500,'000 brick were burned that are still 
being sold. Five thousand repress brick ' were made with 
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a simple hand machine. Loess was used and but little effort 
was made to remove or crush the concretions and the appear-
ance of the brick was thereby marred to some extent, inter-
fering in a measure with their sale. The proprietors state 
that in theIr opinion a down-draft kiln, permitting the use of 
slack coal, could be made to pay. Differences of opinion on 
the part of the owners have prevented the use of the plant of 
late years. The price obtained for brick was from seven to 
eight dollars per thousand. A brickyard was established at 
Alton in 1893 which ran irregularly for three years. At the 
end of that time the machinery was sold. An up-draft kiln was 
used and a United States dry press with a capacity of 10,000 
a day. Loess was used which is reported as free from concre-
tions. Brick sold at from seven to nine dollars per thousand. 
Former owners of the plant report that the trouble was in 
the management. Those consulted reported that they 
thought, with proper kilns, presses and management a factory 
at that point would succe~d. As formerly handled it was 
impossible to compete with Sioux City. 
At Beloit the J. A. Smith brickyard was for some time in 
operation. Loess, and to some extent an' underlying drift 
clay, was used. The clay was first washed through a screen 
to remove the concretions. It was afterward plugged by a 
wheel, moulded by hand and burned with wood in a,n open 
kiln. A good red brick is said to have been produced which 
found a ready market. 
The brickyard at Hawarden promised success in every way 
before it burned in 1895. From a small plant working loess 
by hand it had gradually developed into a large establishment 
using the modern devices for brick making. An excellent 
exposure of Benton shale was located and at the time of the 
fire this was being made into an excellent grade of brick. 
Much of the product of this yard is at present in the buildings 
and pavement of Hawarden, and public opinion regards it as in 
every way satisfactory. The market was good and prospects 
for a large business excellent when the factory burned. The 
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loss amounted to $10,000, with an insurance of $2,000. The 
present owners are not in a position to' invest further and in 
the fall of 1899 an effort was being made to sell the remaining 
machinery. The selenite in the shale is not in quantities 
sufficient to injure in any way the quality of the brick, which 
are hard and of a clear yellow-red color. 
Orton & Son, during the summer of 1899, opened a yard at 
Maurice. L')ess is used which at the point of excavation is 
twelve feet thick and wholly free from sand and concretions. 
It overlies a sandy loess which contains considerable lime. 
A "Little Wonder" side cut machine, manufactured by the 
Walrus Mfg. Co., Elkhart, Ind., is used. It has a capacity of 
25,000 in ten hours. The bricks are dried in sheds without 
artificial heat and burned in simple up-draft kilns. Four kilns 
of 25,000 each have been burned and the product is very satis-
factory. The bricks are smooth, hard and of good color. 
Summing up the experiences of Lyon and Sioux counties in 
brick making, it is evident that the same material is present that 
is worked 'successfully at Sioux City. A little more care must 
be taken to find localities where the loess is free from concre-
tions, or else to crush them, but loess without lime has been 
located in many places. Experience in building and handling 
kilns so far has been the main thing lacking. On account of 
freight rates the local producer is given control of an excel-
lent market, and with fuel nearly as cheap as at Sioux City 
the field is a promising one for investment. 
CEMENT. 
The rapid increase in the ~se of Portland cement in this 
country has led the Iowa Geological Survey to carefully deter-
mine whether suitable material is not present in our own state 
for its manufacture. At present a large percentage of the 
cement used in northwestern Iowa is the product of the Yank-
ton mills. Among other samples submitted for expert anal-
ysis was material from the limestone in th~ Benton of the 
exposure south of Hawarden. The report on these Hawarden 
samples shows that while the material is soft and could be 
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easily worked it is t 'oo low in lime for cement purposes. Purer 
material would have to be added to render it available. 
\ 
An analysis of the Hawarden limestone is as follows: 
Insoluble " .... " . ,: ............................. ' ... . 21.92 
Si O2 •••••• •••••••••••••••• •••••• • • •••••••••••••••.••• .75 
Fe and AI. oxides .............. , " ................. '" 6.68 
. Ca CO •.................... . ....................... , . " 64.30 
Mg C0 3 ••• : " • •• • • •••• •• • •• • •• • ••• • • • • •••• .•• • •• •• • ••• 5.38 
99.03 
The insoluble matter consists of clay. 
There is no considerable supply of purer material in the 
neighborhood and in view of the more favorable conditions 
elsewhere in the state it would be impossible to look to this 
locality for cement material. A more complete discussion of 
the nature of Portland cement and the conditions necessary 
for its successful production will be found in other reports of 
the Geological Survey. * 
GRA VEL AND ROAD MATERIALS. 
The gravel terraces of Rock river and the Big Sioux yield 
vast quantities of valuable ballast to the railroads in Lyon 
and Sioux counties. In the previous discussion of these 
terraces, points at which gravel is being taken for railroad 
purposes have been noted. Gravel in equal abundance may 
be counted on as occurring at any point near these rivers in 
both counties. Sand for building purposes is at times found 
associated with these gravels. In northeastern Lyon county 
the knobs of the Wisconsin moraine yield an abundance of 
gravel that is chiefly used for road improvement. The loess 
that is nearly everywhere found on the surface is itselfavalu-
able road material. It dries quickly and after drying is firm 
and compact. To one traveling with horse or wheel in 
unsettled weather the change from the loess country to the 
Wisconsin drift is striking and decidedly in favor of the loess. 
Where the roads need artificial stiffening, as on the alluvium 
of bottom lands, the material is usually at hand in the gravel 
terrace. 
"Iowa Geol. Survey, Vol. VllI, p. 3;5. 
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WELLS . 
The gravel layers' in the drift yield an abundance of water 
for farm purposes. Wate r is obtained at depths varying from 
thirty to two hundred feet. Such wells frequently. yield 150 
barrels per day. A larger flow may be counted on if the 
wells are continued through the drift and shale to the sand and 
sandstone that underlie them. This requires for wells on the 
upland a depth of 400 to 550 feot. Wells penetrating the 
Dakota sandstone frequently yield 100,000 gallons in twenty-
four hours. The water rises in the wells to within 100 feet 
of the surface. For reasons discussed in connection with the 
Dakota sandstone, flowing wells from this formation are hardly 
possible. Small flowing wells from the drift may be obtained 
but it is impossible to predict localities where they may be 
found. 
COAL. 
The chances of finding coal in either county are very few. 
The Cretaceous of this region is not a coal producer. Under 
the Cretaceous there may be coal measures in the Carbon-
iferous strata, but the region is outside of the Carboniferous 
area that so far has proved productive. Careful drillings 
were made with the best machinery and by experienced and 
reliable men, between Chatsworth and Hawarden, and while a 
number of lignite veins were developed in the Cretaceous 
nothing of value was found. 
GAS. 
While drilling for water in Tp. 99 N., R. XLV W., Sec. 34, 
Sw. i , in Tp. 99 N., R. XLVII W. , Sec. 9, Sw. i , and in . the 
vicinity of Doon, in three wells Mr. M. E. Layne encountered 
gas or air, which when the well was closed developed a pres-
sure of twenty pounds per square inch. The gas was met 
with in the drift at depths varying from 180 to 290 feet. When 
the wells were cased the flow ceased. The gas was not 
inflammable and is said to have had a disagreeable odor. 
Beyond these points its nature was not determined. To one 
13 GRep 
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of these wells a steam whistle was attached and allowed to 
blow for two days. The gas seems to have-no economic value 
and the supply would probably soon be exhausted. It doubt-
less has its origin in decaying vegetable matter in the drift, 
possibly between two drift sheets. 
WATER POWER. 
The bed of the Big Sioux throughout its course along the 
western boundary of Lyon -and Sioux counties has a slope of 
three feet per mile. It is a stream of considerable volume 
and, therefore, furnishes valuable power.' At Hawarden, 
Ensign & Gordon's grist mill, by means of a seven· foot dam, 
obtains fifty-horse power from two turbine wheels. For two 
years they have been able to run without intermission, though 
at times have been troubled by scant water supply during 
August and September. The water is set back by the dam a 
little over two miles. They report no trouble from ice. At 
Fairview, S. Dak., just across the river from Elm Springs, 
Iowa, A. Spencer & Co. operate a flour mill and use thirty-
five-horse power which they obtain from two turbine wheels 
and a dam giving a head of eight feet. They report that dur-
ing nine months they have plenty of water and often during 
the entire year. At Beloit and Klondike there are similar 
mills operating under practically the same condition. 
While the slope of Rock river is sufficient to furnish a good. 
head of water with a dam of very moderate height, its volume 
is not sufficient for milling purposes during the summer months. 
SOILS. 
The soils of these counties may be classified as loess, drift 
and alluvium. The drift is practically confined to a few square 
miles in northeastern Lyon county. The loess covers the 
remainder of the surface except along the rivers where it is 
replaced by alluvium. The maps accompanying this report 
indicate fairly the location of the three soils, the gravel trains 
along the streams being alluvium covered. 
I 
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The alluvium is very fertile and bears abundant crops. It 
is so thoroughly drained by the underlying gravel that it is 
particularly productive during wet seasons and for the same 
reason suffers first during times of insufficient rainfall. 
The loess-coveredcountry is an ideal farming region, favored 
alike by drainage and soil. It yields abundantly and without 
fail crops of wheat, oats, rye and corn. Indeed, of the grains 
and grasses nothing appears to be excluded on account of the 
nature of the soil. The loess readily absorbs moisture and 
holds it for a long time, never bakes hard, and is always 
mellow and easily cultivated. 
The drift of northeastern Lyon county furnishes a clay soil 
of- great strength and fertility. The outwash region is partic-
ularly a region ' of beautiful farms, with level fields, yet free 
from ponds and waste land. The bowlders on the surface of 
the drift are nowhere abundant enough to interfere with 
cultivation. 
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THE FLORA OF LYON COU NTY. 
BY B . SHIMEK. 
The geographical position of Lyon county, its proximity to 
the dry western plains, its altitude and topography, and the 
fact that it is the only county in the state containing expo-
sures of crystalline rocks (Sioux: quartzite), make it one of 
the most interesting counties in the state from a botanical 
standpoint, for these varied conditions naturally have their 
influence upon the flora, which for its relationship looks 
rather toward the high dry western plains, than t_oward the 
more moist prairies and forest regions to the east. For this 
reason a somewhat detailed report upon the flora may be of 
interest. * The surface of the county is for the most part a 
rather high prairie, which in the vicinity of the rivers becomes 
more rolling or quite rough, especially in the western part. 
No extensive swamps, or pondsor lakes are found. The Rock 
and Little Rock rivers are the only streams within the county 
that approach the dignity of rivers, and the Big Sioux, the 
largest stream, forms the western boundary of the county. 
The greater part of th~ county is tillable. The river 
valleys are alluvial, and in some places somewhat sandy. The 
prairies are covered with a good black loam, the subsoil being 
loess clay in the southern part of the county and o.rift clay to 
the north. The latter mak~s quite as good a soil as the 
*The observations herein recorded were made during thl'ee seasons In the months or June, 
July and August, and notes upon woody ' pla nts, etc., were also made In J anuary. The ver nal 
flora was not studied. 
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former, except on knolls and ridges where there is occasion-
ally an excess of sand and gravel. The poorest soils are found 
in the western part of the county, in the hilly country border-
ing the Big Sioux river. Here in many places, especially on 
southerly slopes, the surface is gravelly and the soil is unpro-
ductive. The Sioux quartzite exposures in the extreme north-
west corner of the county present a number of interesting 
botanical features. * 
Upon and adjacent to them are found several species of 
plants which have not been found elsewhere in the state, such 
as Opuntia jJ'aqili$, Potentilla penns ytvania stl'ioosa, Euphorbia 
obtusata, .A1'ternisia jr-iqicla, AphyUon luclovician1.tm, Schedon-
na'l'dus texan us , Buc/~loe dactyloicZes, t TVoodsia scopulina, JJ£a?'-
silea vestita,and several mosses and lichens. Other species found 
on the drier portions of the exposures are rare in tbe state. 
Such are: Talinurn teJ'ptijoliurn, Ifosackia pw'shiana, Poly-
qonum ten1le, Oxytropis lamberti, Chrysopsis viUosa, Pentstemon 
qracilis, Gilia lineal'is, Carex stenophyUa, SelaqineUa 1'upestri, . 
In addit.ion to this the more sbaded portions of the rock 
exposures, the adjacent streamlet and the more or less per-
manent pools of water with their outlying bits of marsb and 
moist prairie, tbe adjoining allu vial Big Sioux river valley with 
its mud fiats, sandbars and moist sbap-ed banks, the drier 
prairie bills bordering the river valley on the east, and tbe not 
remote cultivated fields on the broad upper terrace of the 
river valley, all bring here together a variety of conditions 
scarcely to be found within any equal area in the state, and 
all this in a stl'ip lying along tbe northern boundary of the state, 
and measuring scarcely two miles in length, and but a few 
rods in width. This area, as might be expected, contains a 
g,'eater variety of plants than any other part of the county 
indeed but few species wbich belong to tbe county are not 
found within these restricted limits. 
Aside from this the county offers but little variety in the 
conditions which determine the distribution of plants. The 
"For the "nthot's dl~cussl()n of tin flom of these exposures see the Proe. Iowa Aead. Sci, 
Vol. [V, pp. 72-77, ,,~d V..,l. V. pp 28·3t. 
t Professor Macbride nOw repO! ts this from Osceola and Dickinson counties. 
THE FLORA OF LYON COUNTY. 159 
valleys of the larger streams present the usual alluvial condi-
tions, the rough western part of the county with its rounded 
hills, capped with loess or drift clay, is in surface and flora like 
the dry loess hills along the Big Sioux and Missouri rivers 
farther south, while the greater part of the county is rather 
high prairie, with occasional gravelly knolls or ridges, and 
low marshy "draws." Each of these regions, of course, 
develops its characteristic flora. 
The names of plants which are employed in the following 
discussion are, with few exceptions, those of Gray's Manual 
of Botany, sixth edition. These are chosen not because they 
are in all cases deemed correct, but because the manual is 
still the most widely used work on systematic botany in the 
state. This will make the list intelligible to a great number of 
those who have not followed the recent attempts at changes 
in nomenclature, while those who have done so will have no 
difficulty in understanding to which plants reference is being 
made. 
NATIVE TRE ES AND SHRUBS . 
SO proportionately small is the forest area of Lyon county 
that in any account of the botany of the county the woody 
plants would stand among the last to be considered. But 
much greater importance must be attached to them when we 
seek in their distribution and habits the key to the solution of 
the problems of tree-planting which are of so much importance 
in the economy of the prairie regions. 
Such natural groves as occur are practically restricted to 
the three larger streams of the county. They are found in 
part in alluvial valleys, and in part upon the lower slopes of 
the adjacent hills. Along some of the smaller triblltaries are 
found small clumps of the willows Salix amyqdaloides and Salix 
discolor , and of wild plum and white ash, but these can 
sca rcely be called groves. 
The finest natural grove is found in the southwestern corner 
of the county along that part of the Big Sioux river which 
flows westward toward Ca.nton, S. Dak. The river here 
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approaches close to the high and broken bluffs on the south 
side, being separated from them only by a narrow strip of 
alluvial plain. For two miles these bluffs present a rugged 
face to the north, seamed and scarred by ravines and gullies 
which run back toward the higher crests to the south. Almost 
everywhere these northern slopes,as well as the narrow allu-
vial plain below, are covered with a well developed forest. 
On the alluvial plain soft maple, box elder, white elm and 
white ash are most common, basswood is abundant on the 
lower slopes, while on the higher slopes bur oak is the pre-
vailing form. But in no place does the grove reach the very 
summit of the bluffs to any considerable extent. 
Upon the lower slopes true arbore.11 conditions exist. 
Mosses and smaller species of flowering plants characteristic 
of wooded regions, are abundant, and springs flow from the 
base of the wooded bluffs. This is in reality the only place 
in the county where true forest conditions, as we understand 
them in the rougher eastern and southern sections of the 
state, exist. Here, too, are found practically all of the 
species of woody plants which are native to the county, and 
on the lower slopes and the adjacent flats they are quite as 
vigor;ous and thrifty as in more easterly forest regions. It is 
only on th~ higher, more exposed slopes that the stunted bur 
oak displaces all other trees, or rather, is alone able to gain a 
foothold. In these more exposed portions of the' grove the 
surface conditions are quite different. The stunted trees, 
growing more stunted with greater exposure, are scattered, 
forming "open" groves. The intervening ground surfaces are 
in large part covered with tufts of grasses and other prairie 
plants, and th~re is an almost total absence of leaf mould, of 
moss-covered decaying sticks and logs, and of the masses of 
smaller vegetation so characteristic of deeper woods. North-
ward from the Chicago, Milwaukee & St. Paul railroad the 
bluffs on the Iowa side are still rugged, but as the river flows 
almost due south, they are here more exposed to the southerly 
winds, and consequenLly' but few groves have developed, and 
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these are of the stunted, open type, chiefly in ravines and 
"pockets" below the crests of. the hills, on the leeward side. 
The alluvial valleys of the large streams present the usual 
conditions which prevail along prairie streams which are 
skirted with clumps and bands of timber. As compared with 
more typical alluvial valleys southeastward they show a 
smaller number of species of trees, the trees are more 
scattered with a lesser variety of small plants growing beneath 
them, and there are frequent encroachments of species from 
the adjacent prairies. 
The native woody plants of the county may be divided into 
three groups according to habitat: 
1. Species of the azz,uv'ial lowlands.-As noted, these are 
found chiefly along the larger streams, but straggling speci-
mens of the species already enumerated may be found here 
and there along smaller streams. 
The following species were collected: 
Aoer dasyoarpum Ehrh. Soft Maple. Common.-x-
Neq'undo aoel'oides Moench. Box Elder. Common. 
Populus monil1jel'a Ait. Cottonwood. Common, but prob-
ably chiefly introduced. 
Salix amyqdaloides Anders. Black Willow. Common. 
Salix lonqifolia Muhl. Sand-bar Willow. Common. 
Salix oordata Muhl. Heart-leaved Willow. Not rare. 
Salix missouriensis Bebb (?H Missouri Willow. Not com-
mon. 
Sambuous oanadensis L. Common Elder. Quite Common. 
Amol'pha frutioosa L. False Indigo. Quite common. 
Crat(Equs ooocinea L. Red Haw. Not rare. 
I 
Prunu(ame1'ioana Marsh .. Wild Plum. Common. 
FJ'axinus amm'ioana L. White Ash. Common. 
Celtis oooidental~s L. Hackberry. Common. 
Vitis1'ipa1'ia Mx. Wild Grape. Quite common. 
*All reference,s to abundance of these woody plants are intended merely to convey a 
general Idea of relative abundance of speCies in the restricted timbered area, The sum-total 
of anyone speCies, of course, amounts to comparatively little because of the limited total 
forest area. 
tldentified.by ,Mr. Ball. 
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Vibu1'numlentaqo L. Sheep-berry. Not rare. 
SCblix disoolor Muhl. Pussy Willow. Quite frequent. 
The last six species of the preceding list also sometimes occur 
on banks and lower slopes; indeed this is true to a very limited. 
extent of nearly all of the species in the list, the line of 
demarkation being by no means sharply defined. The inter-
grading of conditions naturally results in a mingling of species 
in any case, and this is intensified by the greater adaptability 
of some species to conditions which are not normal. For this 
reason in any system of plant grouping based on habitat it is 
practically impossible to draw sharp lines between the groups 
so defined. 
2. Speoies frowinq on proteoted banks and lower slopes.-
Most of these species also extend more or less into the low-
lands. This group most nearly presents the species and condi-
tions which characterize hilly woods eastward. This is 
especially true in the large grove already described, which is 
really the only typical locality in the county. The following 
is a list of the species: 
Tilia amerioana L. Basswood. Common, especially in the 
large grove. 
Ulmus amerioana L. White Elm. Common. 
Ulmus fulva Mx. · Red Elm. Rather common. 
Ostrya vi1'qinioa Willd. Hop Hornbeam. Frequent. 
Fraxinus pubesoens Lam. Red Ash. Found sparingly only 
near the Sioux quartzite exposures. Stunted forms of this 
and White Ash occ~sionally ascend to the crevices in the rock-
ledges. 
Gymnooladus oanadensis Lam. Kentucky Coffee-tree. Quite 
common in the large grove. 
Amelanohier oanadensis T. and G. Juneberry. Found 
occasionally in the large grove. 
Pt'unus virqiniana L. Choke Cherry. Quite frequent. 
Rosa blanda Ait. Smooth Rose. Not common. 
Rubus sm'iqosus Mx: Wild Red Raspberry. Not rare. 
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Xctnthoxyhtm amer ica'fIJUm Mill. Prickly Ash. Quite com-
mon, occasionally forming dense thickets. 
Ribes floridum L'Her. Wild Black Currant. Not rare. 
R i bes gracile Mx. Missouri Gooseberry. Very common 
locally, sometimes forming dense clumps. 
Oelastrus scandens L. Climbing Bittersweet. Not rare. 
Euonymus at1'OpUIJpU1'eUS Jacq. Burning Bush. Not com-
mon . . 
Ampelopsis qttinquefolia Mx. Virginia Creeper. Quite com-
mon. 
Henisp ermum cancbdense L. Moonseed. Not rare. 
3. Species oj hi gher slopes and drier places. -Stunted speci-
mens of these species are likely to be found in straggling 
clumps almost anywhere on the prairies, especially on knolls 
and slopes, but they form no very considerable part of the 
prairie flora, being more common at the borders and in the 
vicinity of groves, 0r even extending into them. 
Quercus m acroca1'p a Gray. Bur Oak. This is the most inter-
esting tree in all the nort:.hwestern division of the state. It 
seems to be the pioneer of hard-wood trees, being the first of 
all trees to gain a foothold upon the knolls and slopes of the 
prairies. On the leeward side (i. e., N. and N. E.) of the 
slopes the trees reach some size, though never forming the fine 
specimens which typify the species further east. As they 
ascend upward or reach out into less protected trac t:.s they 
become more stunted and form the variety olivcef ormis Gray. 
Fruiting specimens not:. over a foot in height are frequently 
found in the exposed places. They have small leaves and 
small acorns, and sometimes several short stems are clustered 
on the same root. This species presents the best example of 
the stunting effect of summer winds upon the perennial plants 
of the northwest. 
Rhus glabm L. Smooth Sumach. Q,uite common. 
R MlS toxicodendli'on L. Poison Ivy. Common. 
Salix htbmilis Marsh. Prairie Willow. Quite common. 
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Sympho?'ica?'j)os occidentalis Hk. W olfberry. This is the 
most widely distributed of the smaller woody plants, being 
found in almost all kinds of soils and situations. It usually· 
grows in clumps. 
Oeanothu8 am6?'icanus L. New Jersey Tea. Not rare. 
Rosa a1'kctnsana Porter, the Prairie Rose, found commonly 
on the prairies may also be listed here. 
CULTIVATED FOREST TREES. 
The lessons which are taught by the native groves of Lyon 
county may well be applied in the cultivation of forest trees. 
The forest areas are small, it is true, and by far the greater 
part of the country presents a more fitting field for the study 
of prairie conditions, but the very fact that some trees do 
grow indicates that so far as general conditions are concerned 
they are not wholly unfavorable to the growth of trees. The 
native groves are uniformly found in valleys or on the north 
and east slopes of hills and knolls. The prevailing summer 
winds are southerly and southwesterly. They are strong and 
frequent, and being hot and dry they parch the exposed sur-
faces. of the prai)'ies. Both by their physical force and by 
their temperature and dryness, they check the growth of trees. 
In situations which are not exposed to these winds native trees 
grow readily and normally, but in exposed places, if developed 
at all, they are stunted and straggling. The Bur Oak, already 
cited, furnishes the best illustration of the effect of these 
winds. * 
Exposure to the early spring sun on northern slopes, which 
hastens the early development of buds which are often nipped 
by late frosts, also serves to check or exterminate trees on 
southerly slopes. 
Naturally the conditions which operate against the growth 
of native trees will also be unfavorable to the development 
of cultivated trees. To grow trees successfully in this county 
it is necessary that so far as possible they receive protection 
*For a more detailed discussion of the effect of winds on growth of trees see the author's 
paper in the Proceedings of the Iowa Acad. of ScI., for 1899. 
# ' 
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from the summer winds. There are really but two kinds of 
habitats in the county which are unfavorable to the growth 
of trees, namely the low, wet places in which the soil is 
"soured," and the gravelly knolls and limited rock exposures. 
The remaining soils are suitable for the growth of trees, and 
there seems to be no, special difference between the drift clay 
soils and the loess, the latter, of course, representing merely 
the finer parts of the former sifted out. In both of these soils 
trees will grow readily if properly protected. This is best accom-
,plished either by planting on northern and eastern slopes where 
this is possible, or by growing the trees in mass, in groves and 
not merely in rows, and surrounding the groves with rows of 
Cottonwood. The Cottonwood is the best nurse-tree for this 
purpose as it grows readily singly or in rows, -indeed it will not 
grow well in groves, the inner trees usually becoming dwarfed 
r and soon dying out, while the outermost row uniformly shows 
greater vigor and longer life. All other trees, how aver, do 
better in groves, which should be dense at 'first, and hter as 
the trees grow larger, they should be gradually thinned out. 
While small the trees should be cultivated, and later mulched 
with straw. Too much straw near the trees, however, increases 
the danger from mice. 'rhe weeds should be cut before going 
to seed, and left on the ground. No stock of any kind should 
be permitted to enter the grove, as nothing so quickly 
destroys trees. It is better to raise trees from seeds where 
possible, or to plant small trees. Nothing is gained by plant-
ing large trees as these are usually severely checked in their 
growth by transplanting. In transplanting, the roots should 
never be exposed to the air or permitted to dry. 
With our present knowledge it is safe to say that as yet no 
introduced forest trees have exhibited superiority over native 
trees. The Russian Poplar, which has been tried, is scarcely 
a success, and moreover is a tree of comparatively little value. 
The Catalpa freezes down and is not a success. The intro-
duced White Willow (Sctlix alba) is of the usual doubtful value. 
The miles of willows planted by Jesse Fell in the vicinity of 
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Larchwood in 1873 are now generally considered a nuisance. 
The Russian Mulberry will answer for wind-breaks and hedge-
rows, but has no superior value. Lombardy Poplars have 
long ago been declared worthless, and few appear in this 
county. Evergreens of various kinds have been tried, some-
times with success, but more frequently they have failed. In 
a general way it is safe to say that most evergreens will do 
quite well when protected by other trees in groves already 
established, but as pioneers they are scarcely to be recom-
mended. 
Probably the best coniferous tree is the European Larch 
(Larix ew'opcea). It will grow in comparatively dry places, 
the fact that its leaves are deciduous (and hence it is not an 
"evergreen") no doubt being an advantage. It makes a fine 
tree, grows rapidly, and its long straight trunk makes desir-
able post timber. It is not uncommon about Larchwood, and 
its success has been amply demonstrated. 
The Red Cedar (Juniperus virqiniana), while rather difficult 
to start in the open, makes good wind-breaks, and, when 
established, grow::! well. It is more readily grown under the 
protection of other trees, but the bark is often attacked by 
mice. 
The Scotch Pine (Pinus sylvest1'is) grows fairly well, though, 
like all other evergreens, it is hard to start. It does not, 
however, make a satisfactory tree in the end, becoming 
scrawny and unsightly after eighteen or twenty years. The 
Austrian Pine (Pinus austriaca) makes a handsomer tree than 
the preceding, and improves with age. 
The Norway Spruce (Abies excelsa) and some of the western 
spruces have been tried, but only with indifferent success. 
The best evergreens may be found in the former Larchwood 
nursery, but here they received special care and were grown 
in a large grove under very favorable circumstances. But 
even here the White Pine (Pinus stJ'obus) was not a success, 
and its cultivation in this part of the state seems almost 
impossible. 
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Arbor VihB (Thuya occidentalis) has been tried, but is no 
more promising than some of the preceding. 
In individual cases evergreens have done well, but on the 
whole they are not adapted to open prairie country, and as 
they are difficult to start, their planting, excepting occasion-
ally for ornamental purposes, is an unprofitable venture. 
Deciduous trees fare better. This is probably due at least 
in part to the fact that the loss of leaves (partial in very dry 
seasons in summer, and complete in winter) results in the loss 
of the transpiring apparatus, and the consequent inability of 
the tree to throw off water during these unfavorable periods. 
The trees which are most widely cultivated are the Cottonwood, 
Soft Maple, Box Elder and White Willow, the last being 
introduced. These and other species are here considered 
separately. 
Cottonwood (Pop~llus monilifera). The chief value of this 
tree lies in its rapid growth and its ability to hold its own 
when planted in single rows, this fact making it of value 
around groves of other trees. Mr. Carter, who surrounded 
and quartered several sections of land in Allison township 
with cottonwood trees some twenty-two to twenty· five years 
ago, demonstrated the possibilities of this tree. Single rows 
of Cottonwoods, now grown to large size, give to several 
square miles of surface the appearance from a distance of a 
large forest, and within the area itself the protection from 
winds, and other advantages offered by timber tracts, are 
presented in a marked degree. 
For extensive wind-breaks, and for nurse-trees (only on the 
outside of groves, however), it is the most valuable tree culti-
vated in this part of the state. 
Box Elder (Nequndo aceroides). This tree grows rapidly, and 
produces a dense growth in a short time. It is also easily 
cultivated. However, it does not produce a ~ree of lasting 
value, and could be displaced by the White Ash with profit. 
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Soft Maple (Ace?' dasycCfIf'pu?n). This tree grows rapidly and 
if grown in clusters forms good wind-breaks, but, as a per-
manent investment it is not of much value, its brittleness 
also making it undesirable. 
White Willow (Scdix alba). This is extensively grown in 
some parts of the county, chiefly for hedge-rows. It quickly 
forms a dense wind-break, but is otherwise scarcely desirable. 
With Cottonwood it may be used for the outer protection of 
groves. 
A number of other species native to Lyon county, or com-
mon in not remote sections of the state, are suitable for 
cultivation, and in the end prove much more satisfactory than 
the four most commonly cultivated kinds. The following are 
among the best: 
White Ash (F1'axinus a?ne1'icanus). This is undoubtedly in 
many respects the most satisfactory tree for cultivation for 
general purposes on our prairies. It forms a pretty tree, 
stands 'drouth better on the whole than any other of the 
species in this list, is not easily broken by the winds, and in 
the end produces wood of excellent quality, an item which 
should not be forgotten, for to the farmer upon the treeless 
prairies a piece of strong, durable wood, suitable for repairs, 
etc., is often a great desideratum. Horses, rabbits, etc., do 
not often gnaw the White Ash, nor is it frequently attacked 
by insects, and this gives it an additional advantage. It 
grows best in groves which are protected on the south and 
west. The chief objection which has been made to this tree 
is that it is of slow growth. This is true only during the first 
five to eight years. During these first years the Box Elder 
easily outstrips it, but is soon excelled by it, not only in qual-
ity, but in beauty and size. The fine Ash trees on the old 
Carter place in Allison township, the splendid groves belong-
ing to the McGuire Brothers in Rock township, and numer-
ous smaller groves scattered over the county, demonstrate 
the usefulness and desirability of this tree beyond a doubt. 
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Black Walnut (Juglans nigrcb). This valuable tree can b. 
grown with success in this county. The great mistake, how-
ever, which has been made in most efforts thus far, is that 
the trees were planted in narrow bands or rows, and were 
exposed. This develops trees with short trunks and wide-
spreading crOWDS which make but little headway, and in 
. I 
exposed places they soon die. . If grown in groves, especially 
among older trees of other species, they grow readily and 
produce tall straight trunks. The ash and walnut may both 
be plantp.d in old groves of the softer woods with the view of 
displacing them. Walnut seed is best planted in the fall, and 
should not be covered very deeply . . 
White Elm ( Ulmu8 americana). The elm has not yet demon-
strated its usefulness in this county. It does quite well, 
however, in groves where not exposed to the winds, and in such 
places makes a good rapidly-growing tree. Rabbit~ and 
horses, however, relish it, and often do much damage . 
. Bass-wood (Ti l ia americana). While this tree does not com-
pare in value with some of the preceding, it makes a fine 
shade and ornamental tree, but must be grown in sheltered 
places. 
Wild Cherry (Prunus seroti na). This species is but little c.ul-
tivated, but deserves greater attention. It seems to grow 
even in somewhat exposed places, but does better in groves. 
The Red Elm ( Ulm'tlS j u lva), the Hackberry (Celti s occidentalis), 
and the Honey Locust (Gleditschia triacanthos) are also spar-
ingly cultivated, but they scarcely equal the preceding 
species of this Jist in value, though they may be successfully 
grown. The Wild Plum (Prunus ame}'icana) when grown in 
thickets makes splendid wind-breaks, and should be m0re 
widely cultivated for that purpose. 
The hard-wood trees such as Oaks, etc., can scarcely be 
grown to advantage until larger groves are established in 
which they may find necessary protection. Farmers might 
well begin to replace their groves of Cottonwood, Box Elder, 
Maple, etc., with White Ash, Walnut, and other more valuable 
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trees. The latter could' be easily grown in the shelter 
of the old groves, and in the end would give quite as much 
protection,besides .yielding valuable wood. They ~re slower 
growers perhaps, but since ,the old soft wood groves are 
established and give the farmer the needed protection, this is 
a matter of less concern than when the groves were first 
planted. In 'case a n~w grove is to be established it would 
pay to first set ·out soft"woods as nurses, and then mingle the 
more desirable species with them, or plant in alternating rows 
or groups. '" 
NATIVE HER BS . 
. The nativ~ herbaceous plants are here roughly grouped 
according to habitat. No sharp lines ca~ be drawn, of course, 
and it ' is intended ' merely to iiIdi~ate the ordinary or most 
COmtllOn habitat: ' . 
1. ' Species of 'o7'dvruzry f ertile pra'vrie.-Some of these species 
encroach 'on 'the dry slopes, while others extend into the wet 
low-lands. " 
Anemone patens -var. nuttazz.kr,~a Gray. Pasque-flower. Spec-
imens were 'collected as late as June. : J ' 
Ran ltncul'l8 7'homboideus Goldie. Prairie Crowfoot. Not 
rare. 
IJe1;fJhinium azureum M~. Larkspur. Common. 
Sisymbrium cane8cens ~utt. Tansy Mustard. Common. 
Ast7'ctgalu8 caryocarp'us Ker: Ground Plum. Common. 
Petalostemon 'calndidus Mx. White Prairie Clover. Com-
mon. 
Petalostemon' violaceus Mx. Rose-purple Prairie Clover. 
Corilmon. 
Psomlea airqophyUa Pursh. Silver-leaf Psoralea. Very 
common. 
P80mlea e8culenta Pursh. Pomme Blanche. Not rare. 
Glycyr7'hizet lepidota Nutt. Wild LiquorIce. Not rare. 
PotentiUaarquta Pursh. Five-finger. Very common, often 
in ra ther dry places., 
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Onicus altissVmus L. Tall Thistle. ClJ)mmon . . 
O~l'eopsis palmata Nutt. Tickseed. Common. 
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Echinacea anqustijolia D. C. Purple Cone-flower. Common. 
Eriqer}'on 8triqo~'1.ts Muhl. Daisy Fleabane. Very 'common. 
Helianthu.s annu,us L. Sunflower. ' Locally common . . ,:.: ..... 
Helianthus mcuJ)vmiliani Schrad. Maximilian's Sun·flower. 
Very common. 
Lepachys columnaris T. and G. Prairie Cone-flower. Loca~ly 
common. 
Lepachy8 pinnata T. and G. Gray-headed ,Cone-flower. 
Common. 
Liatris scariosa Willd. Blazing Star. Very common. 
Prenanthes racemosa Mx. Rattlesnake-root. Not rare. 
Silphium lacinicttum L. Compass-plant. Very common; . 
Solidaqo speciosa var. anqustata T. and G . . Prairie Showy 
Golden-rod. Very common. 
Asclepias'verticiUata L. Whorled Milkweed, Common. ' 
Asclepias tuberosa L. Pleurisy-root. Common . 
.Asclepias speciosa Torr. Showy Milkweed. Not rare. 
Acerates viridiflora var. lCf:nceolctta Gray. Green Milkweed. 
Not rare. 
Ph~ox pilosa L. Downy Phlox. Uocally very. common. 
Onosmodium carolinianum var . . moUe Gray. False . Grom-
well. Common. 
' .. 
Pentstemon lceviqatus Sol. Sm'ooth Beard-tongue. Locally 
common. 
Juncus tr:muis Willd. Slender Rush, V ~ry ~.common, also 
often in wet places. 
Elymus macow~i Vasey. M~coun's Wil,<l Eye. Not rare. ': 
Aq?'opyrtlm.repens Beauv . . bouch-Gras~. Common locally. 
Aqropyr'umqlaucum R . & S. Blue-jojnt., YerY:G<i>mmon; 
B01tteloua r'acemosa Lag . .. Racemed Bouteloua, . Locally 
common. " 
Stipa spartea Trin. Porcupine Gras~.: Very common' 
locally. 
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2. Species of dry prairies, gravelly knolls, etc. 
Cerastium nutans var. brachypodum Eng. Short-stalked 
Chickweed. Locally common. 
SilerU3 antirrhina L. Sleepy Catch Fly. Common. 
Linum sulcatum Rid. Wild Flax. Locally common. 
Oxalis violacea L. Violet Wood-Sorrell. Not common. 
Polygala vertioillata L. Milkwort. Not common. 
Vicia americana var. linearis Wat. Vetch. OccasionaL 
Bosackiapurshiana Benth. Locally common. Native? 
Amorpha canesoens Nutt. Lead Plant. Very common. 
Really a shrub. 
Oxytropis lamberti Pursh. Loco-weed. . Quite common 
locally in the western part of the county. 
Cassia chammcrista L. Partridge Pea. Common, intro-
duced? 
Potentilla norvegjca L. Five·finger. Common. ' 
Potentilla pennsylvanica var. strigosa Lehm. Hoary Five-
finger. Rare, found only in the vicinity of the Sioux quart-
. ) 
zlte. 
(E'nothem ser'l'ulata Nutt. Evening Primrose. Common. 
{Enothera biennis L. Common Evening P.r;imrose. Com-
mono . I 
Opuntia rafinesquei Engelm. Prickly Pear Cactus. Reported 
from Lyon county by Professor PammeL * 
Pimpinella integerrima B. & H. ' Yellow PimperneL Com-
mono . 
Kuhnia e111pato'l'Oides, L. False Boneset. Common. 
Liatris punctata Hk. Blazing Star. Common. 
Grindelia squ(lIrrosa Dun. Gum Plant. Not common. 
Ohrysopsis villosa Nutt. Golden Aster. Common. 
Solidago rigida L. Stiff Golden-rod. Very common. The 
most characteristic plant on the dry hills. 
Solidago missouriensis Nutt. Missouri Golden-rod. Common. 
Astm' oblongifolius Nutt. Aromatic Aster. Common . 
..t1stm' amethystinus N utt. Amethyst Aster. Rare. 
*Proc. Iowa Acad. Bcl., Vol. III, p.119. 
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Aster'seric8Us Vent. Silky Aster. Common. , 
. Aster pta7'micoides,;T. & G. Upland White Aster. .Locally 
common. 
Helianthus fl'iqid(us Desf. Stiff Sunflower. Very common. 
Achillea millefolilum L. Yarrow. Frequent. 
A?,temisia cauda,ta Mx. Wild Wormwood. Common. 
A fl'temisia friqida Wild. Wormwood Sage. Rare. 
I 
A?'temisia ludoviciana Nutt. Western Mugwort. Common. 
A7·temisia canadensis Mx. Canada Wormwood. ' Not com-
mono 
Lyqodesmia juncea Don. Rush-like Lygodesmia. Common. 
Specularia perfoliata A. DC. Venus' : Looking-glass. Com-
mon. 
(}ilia linearis Gray. Narrow-leaved Collomia. Common in 
the vicinity of the ,Quartzite exposures. 
Lithospermum hirtum 'Lehm. Puccoon. Common. \ . 
Oastilleiasessl,.i,ijlO7'a Pursb. Downy Painted-cup. Not rare. 
Gerardia aspera Dougl. Rough Purple Gerardia. ' Rare. ' 
Pentstemon qrdc.irlis Nutt. Beard-tongue. Quite common. 
' Pentstemon q1l~1!t.dijlorus Nutt. Large-flowered Beard-tongue. 
Very common on the gravelly banka and bluffs along the · Big 
Sioux river. i~ 
Verbena anq,1f.stifolia Mx. Narrow-leaved Vervain . . Not 
rare. I~ 
Hedeoma hispVda Pursh. ' Mock Pennyroyal. Cominon. 
Hedeonia pulegeoides' Pers. American Pennyroyal. Comnion. 
Isanthus c(J3rule'J.ls Mx. False Pennyroyal. Rare. . ',,\ ' 
Scutellaria parvula Mx. Small Skull-cap. Not common. 
Plantaqo pacaqonica var. qnaphaloides , Gray. Pursh's Pian-
tain. Locally common. 
Owyba;phu8 nyctaqineus Sweet. Heart-leaved Umbr-ella-
wort. Quite common. 
Owyba;phus hirsutus Sweet. Hairy Umbrella-wort. Not com-
mOD. 
Polyqonum ·tenue Mx. Slender Knotweed. Common o'nly in 
the vicinity of the Quartzite. 
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Oomandra umbellata Nutt. Bastard Toad-flax. Rather 
commo.n. 
Euphorbia qlypto8perma Engel. Ridge-sfleded Spurge. ' Not 
common. 
EUphorbia marqi~atf;'. " " Pursb, t·, i; White~margined .Spurge. 
Occasional,J~ .' " .' ' ! ' , ' , ' ,:., " \ ' 
Euporbia obtusata Pursh. Blunt-leaved Spurge. ,' Not com-
mon. " ., 
Tr,adescantia vir<Jinica L. 8ptderw9rt. Common. 
Allium ~tellatum Nutt. Wild Onion. Not rare. 
Carew stenophylla Wahl. Invoh,lte-Ieaved Sedge. Common 
in the vicinity of the, Quartz.ite. 
Oarew adusta (?) Boott. Sedge. Not common. 
Carex cephalophora Muhl. Sedie. Not rare. 
Oarew pennsylvanica Lam. ' Sedge. ,Not common. 
Oarew straminea var. brevio.r Des. ,Sedge. Common. 
Oarew $w'aminea Willd. Sedge. Not rare. 
Olvrysopoqonnutans Benth. Indian Gnass. Still common 011 
native prairie. 
Aqrostis scabra Willd. Rough H~ir-grass. Rather common. 
Poa pr:atensis L. Blue Gra~s,. ' Probably introduced in such 
places. 
Bouteloua hirs'uta Lag., Muskjt Grass. Local. · 
Bouteloua' oli<jostachya Torr. Muskit Grass. Common. 
Buchloe dactyloides Engelm. _ Buffalo Grass. ' round' now 
only in tpe vicinity o~ the . Qllartzite exposures: '\ 
AndropoqonJurcatus Mll hI. , Beard Grass. Common. 
Andropoqon scOP,arius Mx. Bear~ Grass,. ' Commpn; , 
Festuca tefl,ella Willd. Fe!ilcue Grass. .Local. . 
H01'deum pusillum Nutt. Little Barley. ' Q.uite common! 
local~y. 
Koeleria cristata Pel's. Quite common on unhroken, pr.airie., 
Panicum . scribnerianum Nash. Scribner's Panicum.Not 
rare. " 
Schedonna1'dus tewanus ., .steud. Not rare in the vicinity.of 
the Quartzite exposures. 
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Sporobolus ,ouspidatu8 Torr: Rush Grass; Cotnmo'n. 
Equisetum l(JJViqatum Bra.un. Scour'ing Rush. "'Frequent. 
3. , Species growing on ' rocks, in' ore'vices, ' etc.'--These are 
found on the Sioux Q,uartzite. 
Aquilegia oanaderusis L. Wild Columbine. 'Ocbasional. , 
Ialinum teretiJolium Pursh. Fame-:ftower. Common. 
OpuntiaJraqilis Haw. , Prickly Pear Cactus. Not rare. 
Woodsia soopulina D. C. Eaton. Rocky Mountain Woodsia. 
Common on the Sioux Quartzite ledges near the Big Sioux. 
Selaqinella rupestris Spring. Nat comnion. " , 
Numerous mosses and lichens are also found on and near 
the Quartzite. The latter'group is especially well represented, 
the rocks being in large patt covered with numberless specI-
mens of numerous species. " '" 
4. Kesophytic species oj wood and meadow.-This group 
includes species which require,an average amount of moisture, 
and in most cases prefer more or less 'shade. ' They are the 
species 6f our ordinary wooded tracts. (a) Species of deeper 
woods, moist ba.nks; borders of thickets, etc. ' 
Clematis virginiana 'L. Common Virgin's Bower. Com-
mon. " ' 
Anemone cy[indrica Gray. Long-fruited Anemone. Not 
rare. 
Siline stellata Ait. Starry Campion. Quite frequent. 
AmphicMpd3a pitcheri T. '& G. Hog' Peanut. Freq'uent. 
Desmodium canadense D. C. Tick Trefoil. Common. 
(Jeum vilrginianum L. , Avens. Common. 
Heuchera hispi(ia Pursh. Alum-root. Rather belonging to 
the following group. " 
Solidago serotina var. qiqantea Gray. Golden-rod. ' Com-
mon., , 
Erigeron philade1Jphicum L: Common Fleabane. Common. 
Oampanula americana L. Tall Bell:ftower. Common. 
Apocynum cannabinum L. Indian Hemp. Not 'rare. 
Hydrophyllum V1~rginiouin L .. ,Water-leaf. Not common. 
Pedicularis oanaden.sis L. Lousewort. N at rare~ 
& 
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Laportea canadensis Gaud. Wood Nettle. Rather frequent. 
Pilea pumila Gray.· Richweed. Rather common. 
PolygrJnafJurn giganteum Diet. Great Solomon's ·Seal. Occa-
sional. 
Smilaw herbrtcea L. Carrion Flower . . 'Not rare . . 
Etymus canadensis L. Wild Rye. Common. · 
Leei'sia vilrginica Willd. ' White Grass. Common. ·' 
Pani(JUm dichotomum L. Forked Panieum. Common. A 
weed . . 
A.splenium flliw-jcerrvina Bernh. Spleenwort. · LocaL ,'· (b) 
Species of rocky, sometimes more ·or less shaded, banks. 
Thalicf/rum pU1purascens L. Purplish Meadow Rue .. ( Fre-
quent, but probably more common. with ·the following group. 
Owalis corniculata var. st'ricta Sav. Yellow Wood-sorrel. ' 
Very common, . and occurring in a variety of habitats. 
Senecio aU1'e118 L. Squaw-weed. Common. 
Ellisia nyctelea L.t Quite common. . ; .r~· ," 
Ipom(]3a pandurata' Mey. Wild Potato-vine. , Occasional. .' 
Fa7'ietaria pennsylvanica Muhl. Pellitory . . Locally ·coni\.. 
mono (0) Alluvial 'species, 'growing .ilea.r streams and ponds: 
Most of these species also commonly occur 'on the borders of 
wet prairie meaq,ows. 
Ranunculus abortimtS L. Small-flowered Crolwfoot. Com-
mon. 
Viola palmata var. cucuZlata : Gray . . Common Blue Violet. 
Quite common. 
EchinoGystislobata ~., & G. Wild Balsam Apple, Common 
in low woods. 
Oryptot(]3niacanadensis D. C. Honewort. Not rare. 
Galium aparine L. Goose Grass. Common. 
Galium trijlorum Mx. Sweet-scented Bedstraw. Common. 
Artemisiabiennis Willd. Wormwood. Common. 
Eupat01'ium purpureum L. . P.urple Boneset. ' Not rare. ' 
Helianthus t1.tberosU8 L. Jerusalem Artichoke. Not- rare. 
Helenium antumnale L. 
Rudbec1cia laciniata L. 
Sbeeze-weed. Common. ' '. 
Cone-flower. Commo'n. 
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Silphiumpe1:!oliatum L. Cup Plant. Common. 
Vernonia /ascicu,lata Mx. Iro'n weed. Common. 
Steironema c'iliatum Raf. Ll)osestrife. ' Common. 
Gerarclia te/ul~folia Vahl. Slender Gerardia. Common. 
Scutellal'ia lateriflora L. Mad-dog Skull-cap. Common. 
Polyqomlm 1'amosi8simum Mx. Bushy Knot-weed. Not 
rare. 
Humulus l1Jpulus L. Common Hop. 
(d) 'Species growing in open places 
also running into the prairie. 
Common. 
III wooded tracts, but 
FraqaJ'ia vil'qiniana Mill. Strawberry. Common. 
Solidctqo sel'ot'ina Ait. Golden·rod. Common. 
Aste1' l(}3vis L. Smooth Aster. Very common. 
Aster nov(}3-anqlice L. New England Aster. Quite common. 
Helianthusl}r"osse-se1'J'atu8 Martens. Saw-tooth Sunflower. 
Common. 
Heliopsis scabm Dunal. Ox-eye. Common .. 
SC1'ophula?'ia nodrJsa var. mal'ylandica Gray. Rather com-
mono 
jJ£onal'da jistulosa L. Wild Bergamot. Frequent. 
Sisyr'inchiwn anqust'i/oliU1n Mill. Blue-eyed Grass. Not 
rare. 
Hypo::eis el'ecta L. Star-grass. Common. 
Bmilacina stetlata Desf. False Solomon's Seal. Not rare. 
(5) Species q1'o?O'inq in sandy places alonq stre(tms. 
Strophostyleo anqulosa Ell. Wild Bean. Common. 
JjJ)'aI}1'ost'is major Host. Strong-scented Eragrostis. Com-
mon. Introduced. 
Panicum vil'qatum L. Prairie Grass. Common. 
Some of the species in the following group also frequently 
appear in sand, especially if it is mingled or covered with 
alluvium. 
(6) Species ql'oivinq in s'W(tmps, 01" at least in ~vet places. 
These may be roughly divided into those which manifest a 
preference for wet places, and those which are distinctly 
swam p-species. 
17 G Rep 
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(a) Species growing in localities which are more or less 
moist. 
Anemone pennsyluanious L. f. Bristly Crowfoot. Not rare. 
Bastlbrtium palustl'e DC. Marsh Cress. Common. 
Nastu1'tium palu.stre var. hispidum DC. Rare. 
Nast'Ul'tium sinuatum Nutt. Water Cress. Frequent. 
Stellal'ia lonq'ifolia Muhl. Long-leaved Stitch wort. Not 
common. 
LCtthY1'lLS palw3tl'is L. Swamp Vetchling. Not common. 
Penth01'um . edoide,s L. Ditch Stone-crop. Quite common. 
Rotalct ramosior Koehne. Rare. Near Quartzite exposure. 
Lyth1'um ctlatum Pursh. Loose-strife. Quite common. 
Ammania ooooinea Rottb. Rare. Found only near Sioux 
Quartzite exposures. 
Oiouta maoulataL. Water Hemlock. Frequent. 
Asclepict8 ·inoarnata L. Swamp Milkweed. Common. 
J)i£imulus1'inqens L. :Monkey-flower. Not rare. 
llysanthes 1'iJpal'ia Raf. False Pimpernel. Occasional. \ 
PedionlaJ'i8lanceolatu8 Mx. Swamp Louse-wort. Not com-
mon. 
LyCOpMS sinuattb8 L. Water Horehound. Common. 
Physosteqia uil'qinictlut Benth. False Dragon-Head. Not 
common. 
jJIentlut oanadeMi8 L. Wild Mint. Common. 
Teu,cl'ium oooidentale Gray. Germander. Locally very com-
mon. 
Acnida tLbberoulcttct Moq. Water-Hemp. 
Rumex sCtli('~fol-iu8 Weinm. White Dock. Frequent. 
Rumex ctltissimw3 Wood. Pale Dock. Common. 
Polyqonwn acre H. B. K. Water Smartweed. \ Common. 
Polyqonum pennsyluanioum L. Smartweed. Common. 
AlliuJn can'J,dense Kalm. Wild Garlic. Rather common. 
OaJ'ex hY8tl'icina Muhl. Sedge. Quite common. * 
(ial'ex sco'twellii Desv. Sedge. Not common. 
Ocm'ex vulp inoiclea Mx. Sedge. Common. 
*The sedges mentioned In this report were reviewed by Mr. R. 1. Oratty, or A rr.. s ~ cong, 
Iowa. 
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OCt1'e{J} trichoccwpa MuhI. Sedge. Common. 
OC{!l'e{J} cephalophorra MuhI. Sedge. Common. 
Cal'(3{J} straminea Willd., val'. Sedge. Not common. 
o'1JP81'US 81'yth1'OI'hizos (?) M uhI. Not common. 
0YP81'US a7'istatus Rottb. Q.uite abundant. 
Oyperus diani/;rus Torr. Common~ 
Oype1'us speciosus L. Rather frequent. 
Alopecurus qeniculatus L. Foxtail Grass. Common. 
I 
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Oalamaqrostis canadensis Beauv. Blue-joint. Still very 
common on undisturbed prairie. 
Huhlenberqia qlomerata Trin. Drop-seed grass. Not rare. 
Huhlenberqia mexicana Trin. Drop-seed grass. Common. 
Spartina cynosU1'oides Willd. Tall Marsh-grass. Common 
locally. 
Oalamaq1'ostis lonqifolia Hook. Reed Bent-grass. Quite 
common. 
(b) Swamp species. 
Sium cicutcefolium Gmel. Water Parsnip. Not rare. 
I-Ierpestis 1'otundifolia Pursh. Hedge-Hyssop. Found in 
and around the edges of pools in the vicinity of the Quartzite 
exposures. Rare. 
Veronica anaqallis L. Water Speedwell. Not common. 
With the preceding. 
Juncus noclosus var. rneqacephal'us Torr. Rush. Locally 
common. 
Sparqanium eurycarpum Engelm. Bur-reed. Not rare. 
Alisma plantaqo L. Water-plantain. Common. 
Saqittctria vcwiabilis. Engelm. Arrow leaf. Common III 
spots. 
\ Eleocha'l'is acicula1'is R. Br. Spike-Rush. Common. 
Eleocha1'i8ovatCt R. Br. Spike-Rush. Rather frequent. 
Eleocharis pCtlust1'i8 R. Br. Spike-Rush. Quite common. 
Eleocharis tenuis Schultes. Not common. 
Scu'pus at1'ovi1'ens Muhl. Bulrush. Common. 
SCi1PUS lacust1'is L. Common. 
S cu'pus arn81'icanus Pe~s. Not common. 
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Beckmannia eJ'uccejol'mi8 val'. unijlo1'a Scrib. Found only in 
streamlet near Sioux Quartzite exposure. 
8colochloa fest1,wacea. Link. Not rare. 
(7) Aquatic species. 
'rhese are of two kinds-those which are rooted in mud, 
etc, but remain submersed, and those which are floating. 
Both of course are restricted in their distribution. 
(a) Species which are rooted, but submersed. 
Ranunanlus cil'cinatus Sibth. Stiff Water Crowfoot. Not 
common . 
. NuphCt1' aclvena sit f. Yellow Pond Lily. Rare. 
Nymphcea ?" en~fo1'rnis DC. White Water Lily. Rare. 
Jl£y?'iophylh~m heterophylh~m Mx. Water Milfoil. Not com-
mon. 
Polyqonum rrwhlenberqii Wats. Knot-weed. Locally com-
mon. 
Oemtophyllum deme7'sum L. Hornwort. Locally common. 
Elodect cunadensis Mx. Water-weed. Locally common. 
IIete?'CtntherCf, qmminea Vahl. Mud-Plantain. Not common. 
Potamoqeton ctmpUJolius Tucker. Pond-weed. Rock river. 
Not common. 
Potamoqeton jluitalts Roth. Pond-weed. Hock and Big 
Sioux rivers. Common. 
Fota?noqeton paucijlo?'us val'. niaqarensis Gray. Rock river. 
Not common. 
Potamvqeton pectinctt1-~s L. Rock river. Not rare. 
Potamvqeton 'Zoste'l'Cefoli'us Schum. Rock river. Quite com-
mon. 
Jl£arsilea vestita H. & G. Found sparingly in pools on the 
Sioux Quartz i teo 
Ch.) , Floating species. 
Lemnct minO?' L. Duck-weed. 
Spirodela polYl'?'hizct Schleid. 
northwest corner of the county. 
(8.) Parasites. 
Locally cotnmon. 
Common in a pond 10 the 
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To the foregoing list should be added the following para-
sites: 
Ousouta a?'vensis Beyr. Dodder. On low prairie plants. 
Locally common. 
Ouscuta g1'onovii Willd. Dodder. On weeds, etc. Not rare. 
Ousouta glomemta, Choisy. Dodder. On coarse weeds. 
Locally common. 
Cusouta tenuijlom Engelm. Dodder. On shrubs and coarse 
weeds. Common. 
Aphyllon l1ldovioictnus Gray. Broom-rape. Two specimens 
only were found on the quartzite tract. Introduced, no doubt. 
FORAGE PLANTS. 
The prairies were formerly covered with good forage-
grasses. These are rapidly becoming exterminated, but vir-
gin prairie still produces a number of species in abundance. 
Of the species already listed the following may be classed 
as still valuable: Ancl1'opogonjw'octtus, Calomagr08tis oanaclen-
sis, AgJ'opYJ'lIm glauollm and ?'8pens, PaniOU7n 'IJvl'gatU?n, Elymus 
canadensis (of some value) and X celeJ'ia o7'i::stata. The follow-
ing would be useful if they occured in sufficient quantities: 
Ohl'ysopogon nutans, PO([ J]l'Cttensis, B eckmannia el'uccej()),)Jlis 
vai. unijloJ'a, Buchloe dactyloides, and the three species of 
Gamma Grass (Bouteloua) which are of some use on poor lands. 
A few species add to the bulk, but not much to the value 
of prairie hay. Such are: SpalJ'tina oynosU1'oides, l¥uhlen-
beJ'g-ia glomel'Ctta and m exi cana, Alopeou1'us genioulatus and 
L eersia vi1'gin'ioa. 
The yellow' Fox-tail (Seta?'ict glauoa) a common weed, is of 
some value as fodder in stubble. The remaining grasses and 
the sedges are of very little value. 
WEEDS. 
Both introduced and native pla'flts appear as weeds. Of 
the introduced forms the following were observed: 
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Mustard; Charlock (Bmssica sinapisvrum Boiss.). Very 
common in fields. It is said that sowing Millet in fields 
infected with it will exterminate this pest. 
Pepper-grass. Two species, L epidi1).m vi1'qinicurn L. and 
inteJ'lIudium Gray, both probably introduced, are not uncom-
mon, but they are not specially harmful. 
False Flax (Camelina sativa Crantz.). Spadngly intro-
duced, probably with flax. 
Purslane (Pol'tttlaca olemcea L.). Not very common. 
Alsike Clover (Trijolium hyb1'id1.lm L.). Sparingly intro-
duced. 
Horse weed (Eriqeron canadensis L). A nuisance in waste 
places. 
May-weed; Dog-fennel (Anthemis cotula DC.). Not in 
sufficient abundance to be harmful. 
Hog-weed (Ambl'osia a?'temis03jolia L.). Becoming more 
common and a nuisance in waste places. 
Great Ragweed (Amo1'Osia t1'ifida L.). Common, and becom-
ing troublesome. 
Marsh Elder (Iva xanthiijolict N utt.). Becoming more 
common and growing very troublesome, especially on lower 
lands. 
Cockle-bur (Xanthium canadense Mill.). Common and 
troublesome, especially on lower grounds. 
Burdock (AfJ'ctium lappa L. ). Not yet common. 
Dandelion (Taraxacum officinale Web.). Not very abundant. 
Sow-Thistl~ (Sonchus aspel' Vill.). As yet scarcely notice-
able. 
Prickly Lettuce (Lactuca 8ca1'iola L.). Not yet common. 
Black Nightshade (Solctnum niql'um L.). Occasionally III 
lower cultivated grounds. 
Ground-cherry (Physalis pubescens L.). In fields, etc. 
Bindweed (Convolvulus · sepium L.). Occasionally in ~orn­
fields. 
Plantain (Plantaqo majm' L.). Becoming troublesome in 
lawns, etc. 
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Mullein (Ve/'bascum thaps1J. L.). Not specially troublesome. 
Neckweed (VeJ'Onica peregrina L.). Common in cornfields, 
etc., but insignificant. 
Curled Dock (Rumex cl'ispus L.). Not very common. 
Black Bindweed Polygonum convolvulus L.). Quit e common, 
and sometimes troublesome in fields. 
Pig-weed (Amarantus 'retrojiexu8 n.). Quite common in 
waste places. 
Tumbleweed (Amamntus bbUoides Wats.). Quite common, 
and somewhat troublesome. 
Russian Thistle (Salsola t1'ClgUS L.). Quite co'mmon. In 
barren places or gravelly slopes the plants are often quite 
small and simple-stemmed. The species haR not become 
specially troublesome. 
Lamb's Quarters (Ohenopodium album L.). Common in 
wa~te places. 
Foxtail (Setaria glauca Bea uv.) Common. 
Old -Witch Grass (Panicurn capillare L.). Rather freque nt. 
A few other forms, presumably native, also occur as weeds 
and do not appear in the preceding lists. They are: 
Maple-leaved Goosefoot (Ohenopod-it/;m hybi1'iclum L.). Not 
common. 
, Three-seeded Mercury (Acalypha v i1'gini ca L.). Quite com-
mon in fields, etc. 
Nettle (UI't'icagracilis Ait.). Locally common, especially in 
rather low places; 
Prostrate Vervain (Ver bena b1'acteosa Mx.). A common weed 
in waste places. Probably introduced ~ 
Hoary Vervain (Verbe,nct st/'icta Vent.). Very common, and 
becoming a nuisance in pastures and waste places. 
Blue Vervain (Verbena hastctta L.). Rather common, espe-
cially in lower grounds, and becoming a weed. 
Squirrel-tail Grass (Horcle1.tm Jubatum L.). A pernicious 
weed, now already troublesome locally. 
Of the species already given in the preceding lists several 
may be classed as weeds. The following appea,r chiefly III 
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cultivated grounds or waste places: Wild Liquorice( Glycyr-
1'hiza lepidota) , Partridge Pea (Oassict chamCBcri:sta) , Daisy 
Fleab:we (Eriqeron striqoslls), the wild sunflowers (llelianthus 
annllUI:i, H. maximiliani, and II. qrosseserJ'atus) , Yellow Wood-
sarTel (Oxalis comiculata var. st]'icta) , and Pleurisy-root 
(Asclepias tuber-osct L.). 
A much larger number ~f native plants encroach upon pas-
tures. 
The following interfere chiefly with pastures on rather dry 
grounds: Loco-weed (Oxytropis larnbertii), Lpad-plant (Arrwrpha 
canescens) , Varrow (Achillea millejolium) , Tall Thistle (Onicus 
ctltissim~ls), Stiff Sunflower (Helianthus riqidus ), Stiff Golden-
rod (Solidaqo 1'iqida), Rush-like Lygodesmia (Lyqodesmia 
juncea) , White-margined Spurge (Euph07'bia marqinata) Even-
ing Primrose ((Enotlu;1'a biennis), False Gromwell (Onosmoclium 
ca?'olinictnum val'. molle) , and Porcupine Grass (St'ipa spal'tea). 
The Stiff Golden-rod is so common on the hills in the western 
part of the county that it is decidedly troublesome. The 
Loco-weed, the White-marginal Spurge, and the Porcupine 
Grass are dangerous to cattle, but fortunately are not so com-
mon as to cause apprehension. . 
In pastures upon grounds which are more or less moist the 
following may be troublesome: Sneeze-weed (Selenium 
aut'umnale) , Cone-flower (Ruclbec1cia laciniata) , Iron-weed 
V<mwnia jasciculata), Swamp Mil!rweed (Asclepias incamata) , 
Germander (Teuc1'ium occidentale), Smartweed (Polyqonum 
pennsylvanicurn), and the Slender Rush (Juncus tenuis.) 
Most of the weeds herein enumerated can be exterminated 
by persistent cutting before seed is produced. Fire and the 
plow also render material assistance. Individual effort, how-
ever, counts for but little, and if weeds are to be subdued in 
any section, a joint effort to keep them down in the fields, in 
waste places, and by the roadsides, must be made by all land-
holders. 
